Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


A    TREATISE 


ON    THK 


PATHOLOGY    OF    THE    URINE. 


J.R.  M, 


A   TEBATISB 


PATHOLOGY    OP    THE    URINE, 


A  COMPLETE   GtriDE 


ITS    ANALYSIS. 


J.  L.  W.  THUDICHUM.  M.D., 


WITH   BXVBN  PLATEB 


LONDON : 
JOHN  CHCBCHILL,  NEW  BUELINOTON  STBEET. 


•  •  • 


•  • 


•  •  • 

•  •  • 


•  •  • 


PRIMTBD     BY    J,    B.    ADLABD, 
BARBOLOiaW  CLOIX. 


*Wf         S/ 


T53 
1  858 


LIST  OF  CHAPTERS. 


CHAPTER  I. 


OBNIRAL  CHARACTERS  OF  URINB. 


CHAPTER  II. 


QUANTITY  or  URINB  AND  INORBDIBNTS. 


CHAPTER  III. 


UREA. 


CHAPTER  IV. 


URIC    ACID. 


CHAPTER  V. 


CREATINE   AND    CREATININE. 


CHAPTER  VI. 


COLOURING    MATTER.      UILAMATINE. 


CHAPTER  VII. 


HIPPURIC    ACID. 


CHAPTER  VIII. 


CHLORINE   AND   CHLORIDES. 


CHAPTER  IX. 


SULPHURIC    ACID    AND   SULPHATES. 


CHAPTER  X. 


PHOSPHORIC  ACID  AND  PHOSPHATES. 


CHAPTER  XI. 


PREE   ACID   OF   THB  URINE. 


CHAPTER  XII. 


POTASH    AND    SODA. 


CHAPTER  XIII. 


LIME    AND    MAONE8IA. 


CHAPTER  XIV. 


IRON. 


CHAPTER  XV. 


AMMONIA. 


CHAPTER  XVI. 


CARBONIC    ACID. 


CHAPTER  XVII. 


BLOOD  AND  ITS  ANATOMICAL  ELEMENTS. 


CHAPTER  XVIII. 


HiBMATINE   OR    HiBMATO-GLOBU  LINE. 


CHAPTER  XiX. 


PIBRINB.      CHYLOUS    URINE. 


CHAPTER  XX. 


CASTS   OP    URINIPBROUS   TUBULES. 


VI 


LIST    OP    CHAPTB&S. 


CHAPTBR  XXI. 

ALBUMEN. 

CHAPTBR  XXII. 

PUS. 

CHAPTBR  XXIII. 

MUCUS. 

CHAPTBR  XXIV. 

PAT   AJfD   OIL.   ■ 

CHAPTBR  XXV. 

OANCBR-OBLLS    AND   TUBBftOULAR 
MATTBB. 

CHAPTBR  XXVI. 

BOHINOOOOOUS   HOMINIt. 

CHAPTBR  XXVII. 

SPBRMATIC   PXLAMBNTSy   OR 
SPBRMATOXOA. 

CHAPTBR  XXVIII. 

BILB   AND   BILIARY   MATTBRS. 

CHAPTER  XXIX. 

LBUOINB  AND  TTROSINB. 

CHAPTBR  XXX. 

XANTHINB. 

CHAPTBR  XXXI. 

HTPOXANTHINB. 

CHAPTBR  XXXII. 

SARCINB  (oARNINB). 

CHAPTBR  XXXIII. 

CTSTINB. 


CHAPTBR  XXXIV. 

ALLANTOINB. 

CHAPTBR  XXXV. 

ORAPB   SUGAR. 

CHAPTBR  XXXVI. 

ACBTONB. 

CHAPTBR  XXXVIL 

INOSITB. 

CHAPTBR  XXXVIII. 

URBRTTHRINB   OR  PURPURINB 

CHAPTBR  XXXIX. 

UROXANTHINB,   OR     INDICAN. 

UROGLAUCINB,   OR   INDIOO   BLUB. 

URRHODINB,  OR   INDIOO   RBD, 

CHAPTBR  XL. 

PHBNTLIO   OR  CARBOLIC   ACID. 

CHAPTER  XLI. 

DAMALURIC    ACID. 

CHAPTER  XLII. 

OXALIC   ACID. 

CHAPTBR  XLIII. 

LACTIC   ACID. 

CHAPTER  XLIV. 

UROPHANIC  ORGANIC   ACIDS. 

CHAPTBR  XLV. 

UROPHANIC    ORGANIC    BASBS. 

*  CHAPTBR  XLVI. 

UROPHANIC  INORGANIC  SUBSTANCES. 


CONTENTS. 


CHAPTER  I. 

OBNI&AL  CHA&ACTBE8  OF  URINE 


Pkf9ieal  Characten  qf  Urine 

Clearness  and  Turbidity 

Tints  .... 

Table  illustrative  of  the  Tints 
Odour        .... 
Taste. 
Chemical  Reaction  qf  Urine 

Table  showing  the  substances  which  cause  the 
pelled  firom  the  bladder 
Ckangee  tm  Cooling   . 


Reaction  of  Urine  ex 


PAOl 

1 

ib. 
2 
6 
8 

ib. 

ib. 

15 
16 


CHAPTER  II. 

QUANTITY   or    URINB   AND    1NOREDIBNT8. 

Modes  of  Collecting  Urine  .18 

Total  Quantity  of  Urine  discharged  in  a  given  time  .        20 

Quantity  of  Urine  discharged  in  Health                    .               .  .21 

Observations              .                               .               .               •  .22 

Table  showing  the  total  Quantity  of  Urine  discharged  in  given  times 

by  healthy  individuals                 .                .                .  .24 

Quantity  of  Urine  discharged  in  Disease    .               .               .  .27 

Solids  and  Water. — Specific  Gravity                         .  .30 

Table  for  reducing  the  Indications  at  a  Higher  Temperature  of  a 

Glass  Gravimeter  to  the  standard  temperature  35 


Vlll 


INDEX. 


CHAPTER  III. 


UREA. 

PAGE 

Symbol,  Formula,  Compotition,  Definition  .43 

History  .44 

Physical  Properties  .  .  .46 

Decomposition  .  .  .  •  .45 

Combinations  .  .  •  .  .47 

with  Protoxyde  of  Mercury  .48 

Chloride  of  Sodium  .  .        ib. 

Nitric  Acid  .  .  .  .  .         ib. 

Oxalic  Acid  .  .  .  .49 

Nitric  Acid  and  Protoxyde  of  Mercury  .  .50 

Diagnosis  of  Urea  in  Urine  and  other  Animal  Fluids  .51 

Liebig's  Method  of  ascertaining  the  Absolute  Quantity  of  Urea  in  Urine  52 

Preparation  of  the  Solution  of  Mercury  for  precipitating  Urea  from  Urine        54 
Episode :  Mode  of  ascertaining  the  Amount  of  Protoxyde  of  Mer- 
cury contained  in  a  Solution  of  Nitrate  of  Mercury    .  ,        55 
JEjfitode  in  Episode :  Preparation  of  the  Standard  Solution  of  Chlo- 
ride  of  Sodium  to  be  employed  in  ascertaining  the  Amount 
of  Mercury  in  Solution              .                .                .                .56 
Mode  of  ascertaining  Amount  of  Protoxyde,  &c.  (continued)              .        57 
Preparation  of  Mercurial  Solution  graduated  for  Urea  (continued)  59 
Analysis  of  Urea  in  Urine. — Special  Proceedings       .                                .61 
Modification  of  this  Method  required  by  an  Excess  of  Urea  in  Urine        ib. 
Modification  required  by  the  Urea  sinking  to  one  per  cent.  62 
Modification  required  by  the  Presence  in  Urine  of  Chloride  of  Sodium        ib. 
Modification  required  by  the  Urine  containing  Ammonia  .                .        65 
Modification  required  by  the  Presence  in  Urine  of  certain  Nitro- 

genized  Matters,  not  being  Urea  .  .66 

Bunsen's  Method  of  ascertaining  the  Absolute  Quantity  of  Urea  in  Urine        67 
Dr.  Davy's  Method  of  determining  the  Amount  of  Urea  in  Urine  69 

Physiological  Quantity  of  Urea  .  .73 

Pathological  Indications  .  .74 


CHAPTER  IV. 


URIC    ACID. 

Symbol,  composition,  and  history 

Occurrence  of  Uric  Acid,  and  Methods  of  obtaining  it  pure 

Physical  Properties 

Crystallography 

Metamorphoses  by  Different  Agents 

Uric  Acid  Group 

Determination  of  Uric  Acid  in  Urine 

Volumetrical  Analysis  for  Uric  Acid 


77 

78 
79 
80 
81 
82 
83 
85 


CONTENTS. 


IX 


StlU  of  Uric  Acid— Urates 

Urate  of  Ammonia 

Urate  of  Soda    . 

Urate  of  Lime    . 
Differential  Diagnosis  of  Urates 

Amount  of  Uric  Acid  discharged  during  Twenty.four  Hours 
Pathological  Changes  in  the  Quantity  of  Uric  Acid  discharged  during 

Twenty-four  Hours 
Deposits  of  Uric  Acid  and  Urates 
Deposits  of  Urates  occurring  after  Emission 
Deposits  of  Urates  occurring  in  the  Urinary  Passages 

Observation        .... 
Deposits  of  Uric  Acid  occurring  after  Emission 
Deposits  of  Uric  Acid  occurring  in  the  Urinary  Organs 

Observation 
Crystallized  Sediments 

Observation 

Observation 
Uric  Acid  Concretions 

1.  Sand  or  Gravel.    Crystalline  Sediments 

2.  Uric  Acid  Calculi 
Chemical  Characters  of  Uric  Acid  Concretions 

Concretions  of  Urate  of  Ammonia,  Soda  and  Lime 

Layers  of  Uric  Acid  and  Urates  in  alternating  and  mixed  Calculi 


PAOl 

87 
88 
90 
91 
il). 
93 

95 

96 

99 

101 

ib. 

104 

105 

106 

107 

ib. 

108 

109 

ib. 

Ill 

112 

113 

114 


Cl^PTER  V. 


CRBATINK    AND    CREATININE. 


History 

115 

Creatine    ....... 

ib. 

Composition — Occurrence          .               .               .               .                . 

ib. 

Liebig's  Method  of  obtaining  Creatine      .               .               .               . 

116 

Physical  Properties                    .                .                .                .                . 

117 

Chemical  Properties  ...... 

118 

Decompositions         ...... 

ib. 

Physiology  of  Creatine               .                .                .                .                . 

119 

Qnantity  discharged  in  Twenty-four  hours 

120 

Creatinine                  ...... 

121 

Composition — Occurrence          .                .                .                .                , 

ib. 

Mode  of  obtaining  Creatinine  and  Creatine  from  Urine 

ib. 

Mode  of  obtaining  Creatinine  from  Putrid  Urine 

122 

Mode  of  obtaining  Creatinine  from  Creatine 

123 

Physical  Properties  of  Creatinine               .                .                .                , 

ib. 

Chemical  Properties  ..... 

124 

Combinations                             .... 

lb. 

vrith  Chlorine                     .... 

ib. 

\ 


CONTENTS. 


Combinations  with  Chlorine  and  Bichloride  of  Platinum 

with  Sulphuric  Acid  .  .  .  .  • 

with  Chloride  of  Zinc        .  .  .  •  • 

Obserrations  on  the  Quantity  of  Creatinine  and  Creatine  discharged  in 

given  times  by  healthy  individuals .... 

Tables  of  these  Observations  .  ,  .  . 


PACK 

125 
ib. 
ib. 

126 
130 


CHAPTER  VI. 


OOLOUUNO   IfATTSB — UB^M ATINB. 


Chemical  Properties  ... 
Colour  determining  Groups  of  Urine 

Ft'rt/  Group. — Yellowish  Urines 

Second  Groiqt. — Reddish  Urines 

Third  Group, — Brown  Urines 

Table  showing  Amount  of  Ursematine  in  equal  parts  of  Urine  of  dif 
ferent  colours  .... 

Physiology  of  Ursematine  .... 

Quantity  of  Uraematine  in  Disease. — Pathological  Indications  . 


131 
134 

ib. 

ib. 

ib. 

135 
137 
138 


CHAPTER  VII. 


HIPPUlUC   ACID. 


Composition,  History,  and  Literature 
Occurrence  and  Methods  of  obtaining  it  pure 
Physical  Properties,  Chemical  Properties,  Decompositions 
Compounds  .... 

with  Nitric  Add 
Hippuric  Add  Salts — Hippurates 

Hippurate  of  Baryta  . 

Hippurate  of  Lime     . 

Hippurate  of  Lead 

Hippurate  of  Iron 
Deposits  of  Hippuric  Add 

Quantity  of  Hippuric  Add  secreted  in  Twenty-four  hours 
Physiology  .... 

Pathological  Occurrence 


139 
140 
143 
145 

ib. 
146 

ib. 

ib. 
147 

ib. 

ib. 
148 

ib. 
151 


CHAPTER  VIII. 


CHLORINE   AND    CHLORIDBS. 


Remarks  on  the  Incineration  of  Urine 
Chloride  qf  Sodium    . 
Composition  and  Occurrence 
Crystallography 


153 
154 

ib. 

ib. 


CONTENTS. 


XI 


PVQE 

Chemical  Properties  .....      155 

Diagnosis  in  Urine    .  .  .        ib. 

Liebig's  Method  of  determining  the  Quantity  of  Chlorine  in  neutral  fluids 

by  means  of  Nitrate  of  Protoxyde  of  Mercury  .        ib. 

Preparation  of  Mercurial  Solution  graduated  for  Chloride  of  Sodium      158 
The  Fluid  applied  to  the  Urine. — Special  Proceedings  .161 

Daily  average  Amount  of  Chlorine  discharged  during  Health  ib. 

Chlorine  of  the  Urine  in  Disease  .  .165 


CHAPTER  IX. 

SULPHURIC  ACID  AND   SULPHATES. 

General  Remarks      ......      169 

Method  of  determining  the  Amount  of  Sulphuric  Acid  in  Urine  by  Volu- 

metrical  Analysis  .170 

Preparation  of  Test-fluid  .  .        ib. 

Application  of  Test-fluid  to  Urine  .        ib. 

Direct  Analysis  of  Sulphuric  Acid  .  .  .  .171 

Quantity  of  Sulphuric  Acid  discharged  by  Healthy  Persons  during  twenty- 
four  hours  .....       172 

Physiological  origin  of  Sulphuric  Acid      .  .  .173 

Table  showing  the  Influence  of  Diet  upon  the  Amount  of  Sulphuric 

Acid  discharged  in  the  Urine  .       1 74 

Quantity  of  Sulphuric  Acid  in  Disease  .  .176 

Pathological  Indications  .177 


CHAPTER  X. 


PHOSPHORIC  ACID  AND  PH0SPHATB8. 

PAoiphorie  Acid,  Composition,  Equivalent,  Formula 

Physical  Properties 

Chemical  Properties 

Phosphates  of  Alkalies 

Phosphates  of  Alkalies  and  Earths 

Phosphates  of  the  Alkaline  Earths 

Method  of  Ascertaining  the  Amount  of  Phosphoric  Acid  in  Urine 

Preparation  of  the  Solution  of  Iron  of  known  strength 

Solution  of  Acetate  of  Soda       .... 

Application  to  the  Urine.    Total  amount  of  Phosphoric  Acid 

PO5  of  Alkalies  and  Earths  separately 
Quantity  of  Phosphoric  Acid  discharged  by  Healthy  Persons  during  twenty 
four  hours  ..... 

Table  showing  the  Amount  of  Phosphoric  Acid  in  Urine  of  twenty 
four  hours  .... 


179 

ib. 
180 

ib. 

ib. 

ib. 
183 

ib. 
184 
185 

ib. 

186 
ib. 


PAOB 

187 
ib. 

189 
ib. 

190 

191 


XU  CONTENTS. 

Table  sbowing  tbe  Amoiint  of  Phospboric  Acid  secreted  in  tingle 

hours  .... 

Physiology  of  Phosphoric  Acid  in  the  Urine 
Quantity  of  Phosphoric  Acid  in  the  Urine  of  Disease 
Examplet,   Males 

tt         Females 
Table  of  Examples 

CHAPTER  XI. 

FRBB  ACID  OF  THE  URINE. 

Mode  of  determining  the  Amount  of  Free  Acid  in  the  Urine    .  .      192 

Preparation  of  the    Standard  Solution  of  Caustic  Soda,  according  to 

Neubauer  .  .  .        ib. 

The  Fluid  applied  to  the  Urine  .  .  .193 

Quantity  of  Free  Acid  discharged  in  a  given  time  by  Healthy  Individuals  .        ib. 

Quantity  of  Free  Acid  in  Disease  .194 

CHAPTER  XII. 

POTASH  AND  BODA. 

Symbols,  Equivalents.    General  Remarks  195 

Mode  of  determining  the  Quantity  of  Potash  and  Soda  in  the  Urine  .        ib. 

Physiological  Relations  of  Potash  and  Soda  .196 

CHAPTER  XIII. 

LIME  AND  MAGNESIA. 

Symbols,  Formulse,  Equivalents,  and  General  Remarks  198 
Aggregation               .                                                .                .                .199 

Separation    of    Phosphate  of  Lime  and    Magnesia  from    Urine,  and 

Determination  of  their  Collective  Amount                  .                .  ib. 
Modes  of  ascertaining  the  separate  Quantities  of  Lime  and  Magpnesia  in 

Urine          .                .                .                .                .                .  ib. 

Determination  of  the  Lime  as  Sulphate                     .                .                .  ib. 

Determination  of  the  Magnesia  as  Pyrophosphate    .                                .  200 
Hempel's  Method  of  determining  the  Lime  as  Oxalate,  by  means  of 

Permanganate  of  Potash             .                .                .                .  ib. 

Preparation  of  the  Solution  of  Permanganate  of  Potash  .201 

Determination  of  the  Lime  by  a  Graduated  Solution  of  Hydrochloric  Acid  202 

Preparation  of  the  Standard  Solution  of  Hydrochloric  Acid               .  ib. 
Preparation  of  the  Solution  of  Soda  to  correspond  to  the  former 

Solution      .                .                .                .                .                .  ib. 

The  Fluids  applied             .....  203 


CONTENTS.  Xll; 


Determination  of  Magnesia  by  means  of  Volumetrical  Analysis  of  its 

Phosphoric  Acid         .... 
Deposits  of  Earthy  Phosphates 
Deposits  of  Phosphate  of  Lime 

Physical  Characters  .... 

Crystallization  .... 

Chemical  Diagnosis  of  Deposits  of  Phosphate  of  Lime 
De|K)sits  of  Ammonio.Phosphate  of  Magnesia 

Physical  Characters  .... 

Form  of  Crystallization      .... 

Chemical  Properties  .... 

Earthy  Phosphates  in  Calculi    .... 
Physiological  Quantities  of  Earthy  Phosphates  in  the  Urine 
Observations  of  the  Quantity  of  Phosphoric  Acid  combined  with  Earths 

in  Urine      ..... 
Observations  of  the  Quantity  of  Lime  and  Magnesia  discharged  during 

twenty-four  hours       .... 
Pathological  Indications  .... 

Carbonate  of  Lime     ..... 


CHAPTER  XIV. 

IRON. 

Symbol,  Equivalent,  and  General  Remarks 

Chemical  Properties  .... 

Marguerite's  Method  of  determining  the  Quantity  of  Iron  in  Urine 

Preparation  of  the  Standard  Solution  of  Permanganate  of  Potash 

Application  to  the  Urine 
Physiology  and  Pathological  Indications  of  Iron 

CHAPTER  XV. 

AMMONIA. 

General  Remarks       ..... 

Symbol,  Equivalent,  and  Chemical  Properties 

Demonstration  of  the  Presence  of  Ammonia  in  Urine 

Determination  of  the  Quantity  of  Ammonia  in  Urine  by  Volumetrical 
Analysis      ..... 
Preparation  of  Standard  Solution  of  Sulphuric  Acid 
Preparation  of  Standard  Solution  of  Caustic  Soda 
Application  of  the  Fluids     .... 

Quantity  of  Ammonia  discharged  in  the  Urine  during  twenty.four  hours 
by  Healthy  Individuals 

Physiological  Origin  of  Ammonia 

Pathological  Indications  .... 


PAOX 

203 

ib. 
205 

ib. 

ib. 

ib. 
206 

ib. 

ib. 
207 

ib. 
209 

ib. 

210 

ib. 

213 


214 
ib. 

215 
ib. 

216 
ib. 


218 

220 

ib. 

ib. 
221 

ill. 
222 

223 

ib. 

224 


XIV 


CONTENTS. 


CHAPTER  XVI. 


CARBONIC  ACID 


Symbol,  Equivalent,  Mode  of  determining  its  Quantity 


FAOK 

226 


CHAPTER  XVII. 


BLOOD  AMD  ITS  ANATOMICAL  BLBMBMT8. 


General  Remarks.    Blood,  Blood -Corpuscles,  and  Coagula 
Microscopical  Appearances  and  Reactions  of  Blood-Corpuscles 
Chemical  Diagnosis  of  Blood  in  Urine 
Pathological  Indications 


227 

228 

230 

ib. 


CHAPTER  XVIII. 


HJtMATINB  OB.  HJtllATO-OLOBULINB. 


Definition.    Occurrence 
Observations 
Pathological  Indications 


234 
235 
237 


CHAPTER  XIX. 

FIBRINK.     CHYLOUS  URINB.     FIBRINOUS  CASTS. 

General  Remarks       ..... 
Chylous  Urine  ..... 

Pathology  of  so-called  Chylous  Urine 
Fibrine,  the  Produce  of  Diseased  Kidneys,  coagulating  after  Excretion 


238 

ib. 

240 

241 


CHAPTER  XX. 


CASTS    OF    URIN1FKR0U8   TUBULB8. 


Casts  of  Small  Diameter 

243 

Iniratubular  Casts 

ib. 

Casts  of  Medium  Diameter 

ib. 

Epithelial  CasU 

ib. 

Granular  Casts 

t 

ib. 

Casts  containing  Fatty  Matter 

ib. 

Casts  of  Considerable  Diameter 

244 

Pathological  Indications  of  Casts  of  Uriniferous  Tubules 

ib. 

Intratubular  Hyaloid  Casts 

245 

Epithelial  CasU 

246 

Granular  Casts 

ib. 

Fatty  Casts 

ib. 

Large  Hyaloid  Casts 

ib. 

CONTENTS. 

XV 

CHAPTER  XXI. 

ALBUMBW. 

PAQX 

Ck>nipo8itioii  and  Genertl  Remarks 

247 

General  Characters  of  Albumen 

ib. 

Diagnosis  of  Albumen  in  Urine 

250 

Coagulation  by  Heat          .               .               .               . 

.     '251 

Nitric  Acid  Test 

.      252 

Quantity  of  Albumen  in  Urine 

ib. 

Pathological  Indications 

253 

CHAPTER  XXII. 

PUS. 


General  Remarlcs 
Pus-corpuscles 
Pathological  Indications 


256 

ib. 

258 


CHAPTER  XXIII. 


MUCUS. 

Chemical  Characters  of  Mucus  . 

260 

Physical  Characters   . 

1                              ■                              •                              1 

ib. 

Physiological  Quantity 

■                              •                              • 

261 

Excess  of  Mucus 

»                              •                              •                             * 

ib. 

Pathological  Indications 

•                              •                              • 

ib. 

CHAPTER  XXIV. 


FAT  AND   OIL. 


Different  Forms 
Chemical  Characters  . 
Pathological  Indications 


263 

ib. 

264 


CHAPTER  XXV. 


CANCBR-CBLL8   AND  TUBBRCULAR  MATTBR. 


Occurrence  and  Microscopical  Appearances 
Cancerous  Matter 
Tubercular  Matter 


263 
ib. 

ib. 


XVI 


CONTENTS. 


Description  of  Cyttt  . 

Symptoms 

Cases 


CHAPTER  XXVI. 


BCUINOCOCCUB   H01IINI8. 


PAOS 

267 

268 

ib. 


CHAPTER  XXVII. 


gPBRllATIC    riLAMBNTS,   OR   SPKRMATOSOA. 


Occurrence 
Indications 
Reactions  for,  and  Motility  of  Spermatozoa 


269 

ib. 

270 


CHAPTER  XXVIII. 


BILK   AND   BILIARY   IIATTBRS   IN   URINS. 


General  Description  of  Bile 
Cholic  or  Glycocholic  Acid 

Decompositions :  Choloidinic  Acid  and  Glycocoll 

Cholalic  Add  and  Glycocoll    • 
Cholinic,  or  TaurochoHc  Acid    . 

Decomposition :  Cholalic  Add  and  Taurine 

Taurine,  and  Issethionate  of  Ammonia 
Colouring  Matter  of  Bile 

Biliverdine  .  . 

Bilifulrine  .... 

Diagnosis  of  Biliary  Matters  in  Urine 
Pathological  Indications 


271 
272 

ib. 
273 

ib. 
274 

ib. 
275 

ib. 
276 

ib. 
277 


CHAPTER  XXIX. 


LBUCINB   AND   TTR08INB. 


Leucine      .... 

279 

Elements,  History,  Occurrence  . 

ib. 

Production 

280 

Chemical  and  Physical  Properties  ' 

283 

Decompositions 

284 

Salts  of  Leucine 

ib. 

Hydrochlorate  and  Nitrate 

ib. 

Compounds  of  Leucine  and  Metallic  Oxydes 

285 

Copper,  Mercury,  Lead 

ib. 

Mode  of  obtaining  Leucine  from  Urine 

ib. 

CONTENTS. 


XVll 


TyroniM     . 

Elements  and  Occurrence 

Physical  and  Chemical  Properties 


PAOK 

285 

ib. 
286 


CHAPTER  XXX. 


XANTHINE. 


History,- Occurrence  . 

Mode  of  obtaining  Xanthine  from  Calculi 

Chemical  Properties  . 


287 

ib. 

288 


CHAPTER  XXXI. 


HTPOXANTHINB. 


Elements  and  History 

Mode  of  obtaining  Hypoxanthine 

Physical  and  Chemical  Properties 


289 

ib. 

290 


CHAPTER  XXXII. 


SARCINB    (CARNINl). 


Formula  and  Composition 

... 

291 

History  and  Occurrence 

•                f                • 

ib. 

Mode  of  obtaining  it  pure 

•                •                . 

292 

Physical  and  Chemical  Characters 

.                .                • 

ib. 

Compounds 

.               .                .               1 

ib. 

Hydrocblorate    . 

.               •               •               1 

ib. 

Hydrochlorate  and  Bichloride  of  Platinum 

293 

Nitrate  and  Sulphate 

•                .                •               < 

ib. 

Carnine,  with  Baryta 

ib. 

Oxyde  of  Silver 

•               .                •                1 

ib. 

Nitrate  of  SiWer 

•                .                .                • 

ib. 

Diagnosis,  and  Relations 

•                .                •                < 

294 

CHAPTER  XXXIU. 


CY8TINB. 


Elements,  Composition,  Literature 

Occurrence 

Decompositions  and  Chemical  Properties. 


295 

ib. 

296 


XVlll  CONTENTS. 


PAQX 

298 
299 

ib. 
300 

ib. 
801 


CHAPTER  XXXIV. 

ALLANTOINB. 

Elements,  Composition,  Litentnre 
Mode  of  obtaining  Allantoine    . 

Mode  of  obtaining  it  from  Uric  Acid 
Physical  and  Chemical  Properties 

Decomposition :  Urea  and  Allanturic  Acid 
Pathological  Indications 

CHAPTER  XXXV. 

OBAPS-8UOA&. 

Elements,  History,  and  Occurrence           ....  302 

Mode  of  obtaining  it                 .....  303 

Physical  and  Chemical  Properties             ....  304 

Combinations             .                                                                              .  ib. 

with  Oxydes  of  Metals                                                                    •  ib. 

Chloride  of  Sodium    .                                                            .  ib- 

Sulphuric  Acid           .....  305 

Decompositions                                       ,                                             .  ib. 

Vinous  Fermentation          .....  306 

Lactic  Acid  Fermentation  .....  307 

Viscous  Fermentation        .               •               .               .               .  ib. 

Quantitatiye  Determination  of  Grape  Sugar  by  Volumetrical  Analysis  ib. 

Preparation  of  Test  Fluid   .....  308 

Application  of  the  fluid      .               .                               .               .  ib. 

Optical  Saccharimetry               .....  309 

Use  of  Polarizing  Apparatus              ....  310 

Pathological  Indications  of  Sugar  in  Urine  .312 

CHAPTER  XXXVI. 

ACSTONB. 

Elements,  and  Mode  of  obtaining  it          .  .314 

Physical  and  Chemical  Properties  .        ib. 

Acetone  in  the  Urine  of  Diabetic  Patients  .                               .        ib. 

Dr.  Petter's  Observation                           .  .315 

CHAPTER  XXXVII. 

INOBITB. 

Elements,  Composition,  and  History  .  .318 

Mode  of  obtaining  Inosite  .  .        ib. 

Physical  and  Chemical  Properties  .  .319 


CONTENTS. 


XIX 


CHAPTER  XXXVIII. 


URBRTTHRINB   OR   PURPURINB. 


PAQX 

History      ....... 

320 

Occarrence                ..... 

321 

Mode  of  obtaining  it  pure          .               .               .               .               , 

ib. 

Physical  and  Chemical  Properties              .               .               .               . 

322 

Diagnosis  in  Urine    ...... 

322 

Pathology  of  Urerytbrine          .               .               .               .               , 

.      323 

Diseases  in  which  Urerythrine  most  commonly  occurs  in  Urine 

324 

CHAPTER  XXXIX. 


VROXANTHINK  OR   INDICAN.      UROOLAUCINR,   OR  INDIOO   BLUB. 

URRHODINB,   OR  INDIOO   RBD. 

History      ..... 
Uroxanthine^  or  Indiean 

Occurrence  .... 

Products  of  Decomposition,  Indigo  Blue  and  Indigo  Red 
Mode  of  obtaining  these  substances  pure 

a.  From  the  Indigo  of  Commerce 

Crystalline  Indigo  Blue  by  Sublimation 

„  ,t        by  Reduction 

Amorphous  Indigo  Blue  by  Reduction 
Physical  and  Chemical  Properties 

b.  Heller's  Method  of  obtaining  Indigo  Blue  and  Indigo  Red  from 

Pathological  Urine 

Proofs  of  the  Identity  of  Uroglaucine  and  Urrhodine  with 

Indigo  Blue  and  Indigo  Red 

e.  Schuncks's  Method  of  obtaining  Indigo  Blue  from  ordinary  Urine 

Metamorphoses  of  Indigo  Blue 

Indigo  White 

Isatine 

Anthranilic  Add 
Physiology  of  Indican 


326 
328 
329 

ib. 

ib. 

ib. 
830 

ib. 

ib. 
331 

ib. 

332 
334 
336 

ib. 

ib. 
837 

ib. 


CHAPTER  XL. 


PHBNYLIC   OR   CARBOLIC   ACID. 

Formula,  History,  and  Occurrence 
Mode  of  obtaining  it  Pure 

From  Coal  Tar   . 

From  Urine  of  Cows 

From  Human  Urine 

Obserration  of  Phenylic  Acid  in  Urine  after  Inunction  of  Tar 
Physiology  of  Phenylic  Acid     .... 


339 

ib. 

ib. 
340 

ib. 

ib. 
342 


XX 


CONTENTS. 


CHAPTER  XLI. 


DAMALVKIC   ACID. 


Formula,  History,  Physical,  and  Chemical  Properties 
Compounds  .  .  .  . 

Mode  of  obtaining  it  pure 


PACK 

343 

ib. 
ib. 


CHAPTER  XLII. 


OXALIC    ACID. 


Formula,  Composition 

History  and  Occurrence 

Mode  of  producing  Oxalic  Acid 

Physical  and  Chemical  Properties 

Decompositions 

Compounds 

Oxalate  of  Lime 

Physical  Characters  of  Oxalate  of  Lime 

Preparation  of  Objects  for  Microscopical  Observation 

Artificial  Oxalate  of  Lime 

Pure 

From  Well  Water 

From  Urine 
Oxalate  of  Lime  occurring  in  Urine  spontaneously 

Case  of  so-called  Oxaluria  . 
Oxalate  of  Lime  in  decomposing  Urine 
Crystals  of  Oxalate  of  Lime  from  Urinary  Calculi 
Polarization  of  Oxalate  of  Lime 

Mode  of  determining  the  Quantity  of  Oxalic  Add  in  Urine 
Pathological  Indications 

Experiments  of  Wohler 

Experiments  of  Piotrowsky  and  Buchheim 
Further  Indications  of  Oxalic  Acid  in  Urine 

Case  of  Albuminuria,  with  Oxalate  of  Lime  in  the  Urine 
Concretions  of  Oxalate  of  Lime 

Sand  and  Gravel 

Renal  Concretions 

Calculi.    Mulberry  Calculi 
Layers  of  Oxalate  of  Lime  in  alternating  and  mixed  Calculi 
Chemical  Characters  of  Oxalate  of  Lime  Concretions 
Statistics  of  Oxalate  of  Lime  Concretions 


345 

ib. 
346 

ib. 
347 

ib. 

ib. 
348 
353 
354 

ib. 
355 
356 
358 

ib. 
360 

ib. 
361 
362 

ib. 
363 
364 
366 
368 
370 

ib. 

ib. 

ib. 
371 

ib. 
372 


CONTENTS. 


XXI 


CHAPTER  XLIII. 


LACTIC    AGIO. 

Formula,  Composition,  Occurrence 
Mode  of  obtaining  it  pure 
from  Alanine 

by  Fermentation  of  Sugar  . 
from  the  Juice  of  Flesh  (Liebig's  method) 
Mode  of  ascertaining  the  Presence  of  Lactic  Acid  in 
Physical  and  Chemical  Properties 
Compounds 

Lactate  of  Lime 
Zinc  . 
Copper 

Lime  frt>m  the  Juice  of  Flesh 
Zinc  from  ,, 

Pathological  Indications 


Urine 


»» 


t> 


ff 


rt 


PAQX 

373 

ib. 

ib. 

ib. 
374 
375 
376 
377 

ib. 

ib. 

ib. 

ib. 

ib. 
378 


CHAPTER  XLIV. 


UROPHANIC   ORGANIC    ACIDS. 


General  Remarks        ...... 

380 

1 .  Suecmie  Acid       ...... 

381 

Formula,  Composition       .                .                .                .                . 

ib. 

Experiments     ...... 

ib. 

2.  Malic  Acid           ...... 

381 

Formula,  Composition       .                .                .                .                . 

ib. 

Experiments      ...... 

ib. 

3.  Tartaric  Acid       ...... 

382 

Formula,  Occurrence         .               .               .               .               , 

ib. 

Experiments  on  the  Reappearance  of  Tartaric  Acid  in  Urine  aftei 

Ingestion  into  the  Stomach 

ib. 

'Wohler's  Experiments               .                .                .                . 

382 

Bncbheim's  Experiments           .                .                .                . 

.      383 

Free  Tartaric  Acid     .                .                .                .                . 

ib. 

Bitartrate  of  Potash  .... 

384 

Neutral  Tartrate  of  Potash 

385 

Tartrate  of  Soda  and  Potash 

ib. 

Tartrate  of  Iron  and  Potash 

ib. 

Tartrate  of  Suboxyde  of  Nickel  and  Potash 

ib. 

Table  of  the  Experiments 

.      386 

4.  Citric  Acid            ..... 

387 

Formula            ..... 

ib. 

Experiments  of  Morichini,  and  others 

ib. 

„            Buchheim 

ib. 

XXll 


CONTENTS. 


5.  Tttimie  Acid         ..... 

Elemeots  ..... 

Experiments  of  Wohler  and  Frerichs 

Decomposition  of  Tannic  Add  into  Gallic  Acid  and  Sugar 

6.  ToluyUeAM        ..... 

Elements  ..... 

Experiments  of  Krant       .... 
Componnd  of  Toloylic  Add  and  GlycoooU,  Toluric  Add 

7.  SaUeytie  Acid       ..... 

Elements  ..... 

Bertagnini's  Experiments 

Compound  of  Salicylic  Acid  and  Glycocoll,  Salicyluric  Add 

8.  Camphorie  Acid    ..... 

Elements  ..... 

Bertagnini's  Experiments 

9.  Anisic  Acid  ..... 

Elements  ..... 

Bertagnini's  Experiments 

10.  Cuminic  Acid      ..... 

Elements  ..... 

Experiments      ..... 


PA  01 

338 
ib. 
ib. 
ib. 

ib. 

ib. 

ib. 

389 

390 
ib. 
ib. 
ib. 

391 

ib. 
ib. 

392 
ib. 
ib. 

ib. 
ib. 
ib. 


CHAPTER  XLV. 


UROPHANIC    ORGANIC    BASES. 


General  Remarks        ..... 

393 

1.  Quinine  and  Quinidin»          .... 

ib. 

Elements           ..... 

ib. 

Herapath's  Test.    lodo^lunine  and  Sulphuric  Acid 

ib 

Special  Proceedings          .... 

394 

2.  Strychnine             ..... 

397 

Elements.    Diagnostic  Properties 

ib. 

Mode  of  obtaining  Strychnine  from  Urine 

ib. 

3.  S<intonine               ..... 

398 

Elements           ...... 

ib. 

Red  Pigment  in  Alkaline  Urine        .                .                .                . 

ib. 

Kletzinsky's  Experiments          .                .                .                . 

399 

Relations  between  Santonine  and  Pyrotartaric  Add 

ib. 

Compound  of  Santonine  and  Soda    .                .                .                . 

ib. 

CONTENTS. 


XXIU 


CHAPTER  XLVI. 


UEOPHANIC   INORGANIC   SUBSTANCSt. 

1.  lodme  ...... 

General  Remarks  .... 

Volametrical  Analysii  of  Iodine  in  the  Urine.  Kersting't  method 
Preparation  of  Solution  of  Iodide  of  Potassium  of  known  strength 
Solution  of  Chloride  of  Suhoxyde  of  Palladium  of  known  strength 
Application  to  the  Urine  .... 

2.  Artenie  and  Antimony  .... 

General  Remarks  .... 

Reinsch's  Method  of  obtaining  Arsenic  and  Antimony  from  Urine 
Diagnosis  of  Arsenic  and  Antimony  • 

3.  Z^cad     ...... 

Kletzinsky's  Method  of  obtaining  Lead  from  the  Urine  of  Patients 
labouring  under  Lead-Poisoning 
Dr.  Sieveldng's  Case . 

4.  MtTCUTy  •  .  .  .  • 

Demonstration  of  Mercury  in  Urine 

5.  CoppBT  ...... 

Kletzinsky's  proceeding  for  demonstrating  the  Presence  of  Copper 
in  Urine    ..... 
Various  Inorganic  Substances    .... 


PAQX 

401 

ib. 
402 

ib. 
403 
404 
405 

ib. 

ib. 
406 

ib. 

ib. 
407 

408 
ib. 

ib. 

ib. 
409 


ADDENDA. 

1.  TrimethylamhM    .  .411 

Dessaigne's  Mode  of  obtaining  it  from  Human  Urine  ib. 

2.  Sorkinc  ......        ib. 

Remarks  on  Synonyms    ' .  .        ib. 

Mode  of  obtaining  Sarkine  frt>m  Human  Urine  .        ib. 

3.  Soreina  Ventricidi                                .  .413 

Synonym,  Description,  Cases                           .  .        ib* 

4.  UrotieaUih  .414 

Heller's  Case    .  .                .        ib. 

Chemical  Properties                          .  .415 

Tablb    I. — ^Table  showing  the  Constituents  of  the  Normal  Urine  of 

Twenty-four  Hours  .416 


n 


II.— Table  for  discovering  the  Nature  of  Urinary  Deposits  by 
Chemical  reagents  .... 


417 


XXIV  CONTENTS. 

PAOX 

Tablb  III. — ^Table  for  the  Microicopicil  Chemicil  Examination  of  Urinary 

Deposits  .....      418 

t,    IV. — Table  for  the  Ck>nversion  of  the  Centigrade  Thermometer 

Scale  into  that  of  Fahrenheit,  and  vice  vena  .419 

,,     V. — ^Tables  for  the  Ckmveraion  of  French  Weights  and  Measures 

into  English  Weights  an^  Measures    .  420 

„    VI. — Table  for  the  Ckmyersion  of  the  Millimetre  Barometer  Scale 

into  the  Scale  of  English  Inches  .421 

Alphabxtical  Indbx  .....      423 


't  • 


EXPLANATION  OF  PLATES. 


PLATE  I. 

'  ..... 

*  Fig;  1.  .Urea.  Quadxiitib.  prismei,  andHlieir-  oombinations.  The 
Ipwer,  more  perfect  crystals,  are  obtained  by  the  addi- 
tion 'dSf  absolute  alcohol  to  a  saturated  solution  of  urea 
.^  **in'8pirit8»^pfifii^([^»,<rhe  upjkar.lnalf^of.thiB  circular  field 
exhibits  prisli^ia^^*  i^eedl^^pH^iined  by  the  rapid 
evappration  of  a'^fp^tion  Sim^  in  methyl-alcohol. 
(See4i,45,)  '^'-^^^  ^f 

yy  2.  Nitrate  of  ur^':  Rhombic  prisms  and  plates,  representing 
tl^e  ',type.  of  a  precipitate  obtained  by  adding  to  a  con- 
centratedl  watery  solution  of  urea,  colourless  nitric  acid. 
Much  more  perfect  crystals,  radiary  groups  of  needles, 
are  obtained  by  the  slow  evaporation  of  a  s'jlution  of 
this  salt  in  water.     (See  p.  48.) 

„  3.  Oxalate  of  urea.  Rhombic  prisms  and  plates,  represent- 
ing the  type  of  a  precipitate,  by  adding  oxalic  acid  to 
a  solution  of  urea.     (Bee  p.  49.) 

„  4.  Nitrate  of  urea  and  mercury ;  the  salt  obtained  by  per- 
mitting the  precipitate  of  Liebig's  quantitative  test 
to  crystallize  in  the  acid  fluid.     (See  pp.  50,  53.) 

„  5.-  Uric  acid,  pure',  in  .delicate  rhombiq  prisms  and  plates, 
They  polarize  in  v  beautiful  oolours  between  crossed 
Nicholl  prisms.     (Seep.  80.)' 

„  6.  Uric  acid,  in  rhombic  prisms  and  plates,  crystallized  from 
concentrated  hydrochloric  acid.     (See  p.  80.) 


PLATE  II. 

Fig.  I.  Uric  acid.     A  variety  of  forms  of  uric  acid  met  with  in 
spontaneous  deposits.     (See  p.  80.) 

2.  Cr^'stallizcd  uric  acid  sediment  mixed  with  blood-corpuscles, 
from  the  observation  described  at  p.  107. 

3.  Deposit  of  urate  of  soda,  described  in  the  observation  re- 
corded at  p.  101,  et  seq. 

4.  Hippuric  acid.  Microscopical  rhombic  prisms,  single  and 
in  groups,  from  human  urine.     (See  p.  143.) 

5.  Creatine.  Clinorhombic  prisms  and  plates.  Though  cor- 
rect, this  figure  is  not  a  very  typical  representation. 
(See  pp.  117, 118.) 

6.  C^'eatinine.  Clinorhombic  prisms  and  plates,  typical  of 
a  good  sjH^cimen,  crystallized  from  alcohol.  (Sec 
p.  123.) 
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PLATE  III. 

Fig.  1.  Chloride  of  zinc-creatiuine,  finee  of  creatine.  Delicate  needles 
in  brushes  and  zeolithic  arrangement.  (See  pp.  124^ 
125.) 

,,  2.  Ammonio-phosphate  of  magnesia  in  the  form  of  rhombic 
crystals,  mixed  with  amorphous  granules,  phosphate  of 
lime,  and  granular  urates.  From  the  urine  of  a  para- 
plegic patient.     (See  pp.  205,  206.) 

„  8.  Epithelial  fibrinous  casts,  with  some  loose  epithelial  cells 
and  blood-corpusdes,  typical  of  a  deposit  in  the  urine  of 
a  child  suffering  from  acute  desquamative  nephritis. 
(See  p.  241.) 

„  4.  Epithelial  casts  of  the  uriniferous  tubules,  and  loose  epi- 
thelial cells,  characteristic  of  a  deposit  in  the  urine  of  a 
patient  labouring  under  jaimdice.  The  cells  are  deeply 
mipregnated  with  biliary  colouring  matter. 

„  5.  The  various  appearances  of  blood-corpuscles  under  the  cir- 
cimistances  described  at  pp.  228  to  230. 

„  6.  Blood-casts  and  blood-corpusdes,  somewhat  changed  by 
preserving.  From  the  urine  of  a  patient,  who  haa 
taken  half  an  ounce  of  turpentine.  The  characteristic 
hourglass  shape  of  blood-corpuscles  seen  from  the  side, 
diagnostic  of  fresh  blood-casts,  could  not  be  represented 
in  this  specimen.     (See  p.  281.) 


PLATE  IV. 

Fig.  1.  Iiitra-epithelial  small  pus-casts,  from  the  urine  of  a  case  of 
suppurative  nephritis.  The  drawing  is  made  after  a 
si)ecimen  kindly  lent  to  me  by  Dr.  Johnson.  (See 
p.  258.) 

„  2.  lutramembranous  large  pus-casts,  with  casts,  perhaps 
fibrinous,  containing  pus-corpuscles.  There  are  some 
loose  pus-corpuscles  at  the  margin.  After  a  specimen 
from  ]3r.  Johnson.     (See  p.  258.) 

„  3.  Granular  casts,  and  disintegrated  granular  matter,  and 
degenerated  epithelial  cells.  From  the  urine  of  a  man 
with  gibbus,  hypertrophy  of  the  heart,  and  anasarca. 
(See  p.  245.) 

4.  Casts  and  epithelial  cells,  containing  fatty  matter.  (See 
p.  245.) 

5.  Intratubular .  (intra-epitheUal)  hyaloid  casts.  From  a  case 
of  chrouic  non-desquamative  nephritis  in  a  boy,  after 
scarlatina.     (See  p.  244.) 

G.  Large  waxy  intramembranous  hyaloid  casts.  From  the 
urine  of  a  case  of  chronic  gout.     (See  p.  246.) 
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PLATE  V. 

Fig.  1.  A  piece  of  the  wall  of  the  echinococcus  cyst/ showing  the 
internal  granular  surflEu^,  and  several  layers  of  structure- 
less mein!)rane.  Hobklets  of  echinococci,  triple  phos- 
phate^  oxalate  of  lime,  and  uric  acid  crystals  from  the 
coiitSnts  of  the  cyst,  fiU  the  rest  of  the  field.  (See 
-p.!2B7.)'"^       -  :     • 

„  2.  Echinococcus,  stret%ed  put  at  fall  length ;  another  re- 
tracted; a  third,  in  a  condition  of  beginning  disinte- 
gration. This,  and^^he  last  figure,  are  copied  firom 
Dr.  Barker's  plate.     (See  p.  268.) 

„  3.  On  the  left  are  figured  ordinary  pus-corpuscles,  varying, 
however,  in  size.  At  the  top  is  represented  a  group  of 
pus-corpuscles  collapsed  under  the  influence  of  a  con- 
centrated solution  of  sulphate  of  soda.  On  the  right, 
some  granular,  fatty,  and  disintegrated  corpuscles,  from 
an  old  circumscribed  abscess  in  the  kidney,  have  been 
sketched. 

4.  Oxalate  of  lime,  in  quadratic  octahedra,   and    quadratic 
prisms.     (See  pp.  355,  356,  361.) 

5.  Various  forms  of  artificial  oxalate  of  lime,  from  urine  de- 
'scribed  at  p.  356. 

6.  Dumb-bell  crystals  of  oxalate  of  lime.     From   the   case 
detailed  at  p.  368. 
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PLATE  VI. 

Fig.  1.  Cystine,  precipitated  from  its  ammoniacal  solution  by  acetic 
acid.     (See  p.  297.) 

2.  Sarcina  yentricoli,  from  human  urine.  Preserved  in  creosote 
water.     (See  p.  413.) 

8.  Sulphate  of  iodo-quinine.  The  upper  crystals  are  placed  on 
the  blue,  the  lower  on  the  pink  selenite  stage,  with 
single  tourmaline  beneath  it. 

4.  Sulphate  of  quinidine,  polarizing  between  two  tourmalines 
crossed  at  right  angles.  This,  and  the  last  figure,  are 
copied  from  Dr.  Herapath's  plate,  in  the  '  Microscopical 
JoumaL'     (See  p.  893,  et  seq.) 

5.  Leucine  in  strings  and  balls  of  rhombic  plates,  obtained 
by  sublimation  of  pure  and  dry  leucine.     (See  p.  288.) 

„  6.  Uroglaucine  in  petaloid  masses,  afber  Heller.  Indigo  blue 
by  reduction,  and  subsequent  slow  oxydation.  Indigo 
blue  in  plates,  by  sublimation.     (See  pp.  880,  888.) 
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PLATE  VII. 

Vogel's  Table  for  the  determinatioii  of  the  quantity  of  Uromatine 
in  urine. 

I.  FiKST  Gbovp.     YelUncith  Urine, 

The  colour  is  yellow  (gamboge,  mixed  with  a  greater  or  lesser 
amount  of  water).  Starting  with  the  perfectly  colourless  urine,  this 
g^up  has  three  gradations  or  nuances : 

1.  Piile  yellow  (gamboge  with  much  water). 

2.  Light  yellow  (gamboge  with  less  water). 
8.  Yellow  (gamboge  with  very  little  water). 

II.  Second  Gboup.    BeddUh  Urines, 

With  the  yellow  there  is  mixed  a  greater  or  lesser  amount  of  red 
(gamboge  vnth  crimson  lake).  These  urines  are  generally  termed 
''  highly  coloured.*'     There  are  again  three  varieties  of  this  g^up : 

4.  Beddish-yellow.    An  admixture  of  some  red  to  the  prevailing 

yellow  (gamboge  with  a  little  crimson  lake). 

5.  Tellowish-red.     The  red  colour  becomes  more  prominent  in 

the  yeUow  body  of  the  fluid  (gamboge  with  more  crimson 
lake). 

6.  Hed.     The  red  colour  is  prevalent,  but  there  is  still  a  slight 

admixture  of  yellow  (crimson  lake  with  little  gamboge). 

III.  Third  Gboup.    Broum  {dark)  Urinee, 

The  red  colour  passes  through  brown  to  almost  black  tints  (gam- 
boge, crimson  lake,  and  more  or  less  Prussian  blue). 

7.  Brownish-red.     Red  with  an  admixture  of  a  little  brown. 

8.  Reddish-browu.    There  is  more  of  the  brown  colour  than  in 

the  last. 

9.  Brownish-black.     Almost   black,   but   with   a  touch  of  the 

reddish-brown. 
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GENEBAL   CHAItACTEHa   OP    UB.TNE. 


PHYSICAL  CHARACTERS  Ol"  nRlNE. 

The  urine  which  has  just  been  voided  by  a  healthy  indi- 
vidual is  a  clear  fluid,  of  yellow  colour,  of  tlic  temperature 
of  the  body,  of  an  odour  which  is  peculiar  to  it,  and  is  there- 
fore termed  urinous ;  it  has  a  saline  taste,  with  an  admixture 
of  some  bitterness,  and  reddens  blue  litmus  paper,  A  short 
time  after  the  finid  has  come  to  rest  in  the  vessel  into  which 
it  has  been  passed,  a  small,  light  cloud,  of  a  grayish-white 
^l  colour,  may  be  obscned  settling  towards  the  bottom  of  the 

^M  vessel.     This  cloud  consists  of  the  mucus  and  epithelium  of 

^1  the  urinary  paaaages. 

^1         ant 
^1         hes 

^1  ma 

■  the 

■  the 
H  atti 

■  nat 

■  the 


Cleamesi  and  Turbidity  of  Urine. 

Turbidity  of  urine  depends  upon  the  admiiture  of  solid 
and  insoluble  substances.  The  flocculent,  small  cloud  of 
healthy  mucus  may  be  distinguished  from  other  matters  by 
its  being  easily  diffused  by  agitation,  and  by  its  insolubility 
in  nitric  acid.  So  great  a  turbidity  or  thickness  of  the  whole 
f  urine,  however,  as  after  an  interval  of  repose  to  cause 
the  subsidence  of  a  deposit  to  the  bottoiu  of  the  vessel  or  on 
the  side,  must  be  considered  as  abnormal,  and  therefore 
attracts  attention.  We  then  proceed  to  investigate  its 
nature,  which,  taken  together  with  the  other  properties  of 
the  urine  containing  the  sediment,  will  often  afford  great 
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3  TINTS  OF  UaiNE. 

assistance  in  the  inquiry  into  the  scat  and  cause  of  the  disor- 
der, of  which  the  turbid  condition  is  a  ajinptom. 

Ill  coneidcriufT  a  specimen  of  urine  with  regard  to  its 
turbidity,  great  care  must  be  taken  in  ascertaining  whether 
it  was  passed  in  a  turbid  state,  or  whether  the  turbidity  and 
sediment  supervened  after  its  emission,  or  after  a  lengthened 

fieriodofrest.  The  prognosis  of  many  cases  is  determined 
)y  this  circumstance,  an  accurate  knowledge  of  which,  not 
always  easily  to  be  acquired,  is  therefore  of  practical  impor- 
tance. 

We  must  guard  against  conBidering  simple  clearness  of  the 
urine  as  a  sign  that  there  is  nothing  wrong  in  that  fluid. 
Many  abnormal  substances,  the  products  of  disease,  are 
foimd  in  clear  urine,  and  many  pathological  alterations  in 
the  quantities  of  the  normal  ingredients  occur  in  a  limpid 
fluid. 

At  the  end  of  tliis  volume  arc  given  some  tables  for  dis- 
covering the  nature  of  urinary  deijosita  by  chemical  reagents 
and  the  mieroaeoiie.  The  appeai-ance  in  the  form  of  sediments 
of  the  separate  Iwdies,  normal  and  abnormal,  their  reactions 
and  their  general  behaviour,  are  given  imder  each  body. 


Tints  of  Urine. 

The  normal  ambcr-yeltow  colour  of  urine  is  due  to  a  cer- 
tain amount  of  colouring  matters,  which  enter  into  the  com- 
position of  that  fluid.  Though  great  progress  has  of  late 
been  made  in  the  analysis  of  these  bodies,  and  many  valuable 
facts  have  been  ascertained  with  relation  to  them,  yet  their 
nature  is  not  so  well  defined  as  is  desirable.  For  observation 
at  the  bedside  gives  ample  proof  that  the  colour  of  urine  is 
frequently  an  exponent  of  the  nature  and  amount  of  func- 
tional disturbance,  and  indicates  to  the  physician  the  direc- 
tion in  which  his  further  examination  should  proceed. 

Starting  &om  the  fact  that  the  normal  colouring  ingre- 
dients of  urine  are  capable  of  generating  a  series  of  tints, 
T^jying,  according  to  the  degree  of  dilution,  from  a  nearly 
colourless  water-like,  through  the  common  pale  amber, 
with  an  admixture  of  red,  to  red,  reddish -brown,  and  up  to 
deep  brown ;  and,  assuming  as  the  standard  scale  of  colours 
the  table  of  Vogel,  which  is  affixed  to  this  volume,  we  have 
at  once  gained  a  basis  which  will  secure  uniformity  of  ob- 
8er\'ation  and  description  on  this  subject.  Supposing,  then, 
the  different  tints  enumerated  to  be  due  to  different  degrees 
of  dilution  of  the   normal   colouring   matter,   whether  in 
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the  urine  of  a  patient  or  in  tlmt  of  a  healthy  person,  ttien 
the  colour  is  desifjnated  as  of  ti  normal  character,  its  degree 
oidy  being  ranged  amongst  the  pathological  facts.  These 
degrees  of  colour,  as  applied  to  the  determination  of  the 
amount  of  colouring  matter  present,  will  be  treated  of  in 
the  chapter  on  Unematine.  Here  it  may  suffice  to  indi- 
cate the  general  practical  conclusions  which  may  be  drawn 
from  the  different  colours  as  regards  the  other  characters  of 
the  urine,  and  the  condition  of  the  organism  by  which  it  has 
been  voided. 

Pale  urine  varies  from  nearly  colourless,  through  a  (Mnt 
greenish  tint,  up  to  straw-yellow.  It  is  the  urine  of  early 
infancy,  and  is  common  in  adults  after  the  ingestion  of  large 
quantities  of  water  or  watery  fluids.  It  is  mostly  neutral, 
less  frequently  alkaline,  rarely  acid.  It  is  common  in 
chlorosis  and  other  anaemic  conditions,  and  then  contains  a 
small  amount  of  urea,  and  of  solids  generally.  In  diabetes, 
however,  the  pale  coloiu-  docs  not  admit  of  any  conclusion 
as  to  the  amount  of  solids  generally.  Practic^ly  the  general 
rule  holds  good,  that  aa  king  as  a  patient  secretes  this  de- 
Hcription  of  urine,  he  is  twI  affected  by  any  severe  illness  of  a 
febrile  and  acute  nature.   (Vogel.) 

Amber-coloured  urine  is  the  common  urine  of  health.  Its 
occurrence  excludes  all  diseases  of  which  either  the  pale  or 
the  very  lilghly  coloured  urine  is  a  usual  symptom. 

Highly  coloured  urine  ranges  from  a  reddish -yellow  colour 
to  red,  and  is  of  a  decidedly  acid  reaction,  and  high  specific 
gravity,  indicating  the  presence  of  a  large  amount  of  solids, 
particularly  urea.  Concentration  hcing  the  principal  and 
uniform  feature  of  this  sort  of  urine,  it  ia  well  to  bear  in  mind 
that  it  may  be  produced  in  four  different  ways,  I.  Either  the 
person  voiding  such  urine  has  taken  very  little  liquid,  and  in 
that  case  the  whole  amount  of  concentrated  urine  will  be  very 
small.  2,  Or  the  water  of  the  blood  has  been  evaporated  by 
the  skin  in  the  form  of  perspiration.  3.  The  third  way  in 
which  a  concentrated  highly  coloured  urine  may  be  produced 
in  healthy  individuals,  is  by  the  ingestion  into  the  blood  of  a 
large  amount  or  an  excess  of  nutritive  nitrogenous  matter.  It 
is  therefore  of  frequent  occurrence  with  those  wlio  partake  of 
sumptuous  dinners,  and  who,  like  old  Father  Noah,  "have  a 
dislike  to  water,  beeause  all  sinful  men  and  beasts  were 
drowned  in  it."  i.  The  fourth  mode  of  formation  of  this 
description  of  urine  is  the  more  rapid  disintegi-ation of  tissue 
and  waste  of  matter  in  febrile  diseases.  Here  the  indication 
is  the  more  valuable,  as  other  sym]itoms,  such  as  the  tempe- 
rature of  the  body  or  the  state  of  the  pulse,  cannot  always 
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be  exciuBively  relied  upon  aa  exponents  of  the  intensity  of  the 
febrile  process.  It  need  scarcely  be  mentioned  that  several 
of  the  circumstances  ennmerated  may  combine  in  producing 
a  highly  coloured  urinCj  such  as  fever  and  perspiration,  or 
large  meals,  and  violent  exercise.  In  all  cnsea,  however,  the 
absolute  amount  of  solids  discharged  in  a  given  time  should 
be  regarded  as  the  prominent  indication.  The  solids  must  pass 
tlirough  the  kidney ;  the  water  may  be  discharged  by  kidneys, 
lungs,  and  skin. 

(if  the  linta  of  urine  due  to  abnormal  substance*,  those  will 
be  first  mentioned  which  are  strictly  accidental,  viz.,  produced 
by  introduction  into  the  stomach  of  articles  of  food,  or  beve- 
rages, or  dnigs,  the  colouring  principles  of  which  are  absorbed 
into  the  blood,  and  afterwards  discharged  by  the  kidneys  in 
tlie  urine.  The  urine  may  be  very  deeply  tinted  by  the 
colouring  principle  of  coffee,  when  a  tolerably  strong  infusion 
of  the  unadulterated  roasted  berry  is  taken  even  in  moderate 
quantity.  The  colouring  matters  of  several  drugs,  such  as 
the  chimaphila  or  pyrola,  hicmatoxylum,  senna,  rhubarb, 
enter  the  urine  vcrj'  readily,  and  a  short  time  after  having 
been  taken  into  the  stomach.  Urine  coloured  by  rhubarb 
is  sometimes  mistaken  for  bilious  urine  (G.  Bird).  The  error 
can  be  at  once  detected  by  the  addition  of  liquor  auimonise, 
which  converts  the  dark  orange  into  a  crimson  colour.  Vogel 
recommends  the  addition  to  the  urine  of  mineral  acids  in 
eases  where  the  presence  of  tlie  pigments  of  either  rhubarb 
or  senna  is  probable  or  suspected.  The  acids  change  the 
brownish  or  dark-red  colour  into  a  bright  yellow;  while 
unematinc,  if  changed  at  all,  is  rather  darkened  by  their 
influence. 

Black  or  blackish  urine  has  several  times  been  observed 
after  the  internal  use  of  creosote,  and  the  iimnctiou  of  tar 
over  the  whole  surface  of  the  body.  A  fuller  accoiuit  of  this 
phenomenon  will  be  found  under  Carbolic  Acid. 

The  second  class  of  abnormal  tints  of  the  urine  comprises 
the  pathological  ones.  The  scale  of  tints  is  from  lemon- 
yellow  on  the  one  hand,  and  deep  blue  on  the  other,  through 
all  varieties  of  yellowish -green,  apple-green,  brownish -green, 
red  (blood  colour),  through  brown,  brownish -black,  up  to 
black  of  ink.  The  lemon-yellow  colour,  sometimes  met  with 
in  cholera,  or  in  spinal  disease,  is  due  to  the  presence  of  an 
excess  of  uroxanthine,  with  deficiency  of  unematine  (Heller's 
urophieine) . 

The  blue  colour  may  be  due  to  cyanurine  (uroglaucine), 
which  is  sometimes  the  product  of  the  decomposition  of 
uroxanthine  in  the  ammoniacal  decomposition  of  the  urine 
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in  the  Madder,  and  has  been  observed  iu  cyBtitis  and  Bright's 
disease.  Another  produce  of  the  decomposition  of  uroian- 
thiiie  is  vrrhodine — a  red  substance.  When  uroxaathine  is 
occurring  together  with  uroglauctne,  or  any  other  blue  pig- 
ment, it  forms  a  greenish,  apple-  or  grass-green,  or  if  urrho- 
dine  prevail,  violet  solution,  with  a  variety  of  modifications, 
caused  by  the  admixture,  in  various  proportions,  of  normal 
colouring  matter  or  urEmatinc. 

The  effects  of  purpuriae  (G.  Bird;  uroerythrine.  Heller), 
a  pathological  product,  wliich  frequently  indicates  the  presence 
of  serious  pathological  conditions,  are  a  red,  rosy,  or  pink 
colour  of  any  sediment  of  uric  acid,  urate  of  ammonia,  or 
urate  of  soda  that  may  occur  in  the  fluid.  The  urates  seem 
to  have  a  particular  afhuity  for  it.  Purpurinc  in  a  blue  or 
lemon-yellow  urine  would  produce  the  same  changes  of  colour 
aa  tirrhodiuc. 

The  sediments  stained  with  purpuriue,  and  the  sediments 
which  the  blue  pigments  usually  form  with  part  of  their  sub- 
stance, and  all  sediments  whatsoever,  must  he  filtered  off 
before  determining  the  colour  of  the  solution. 

A  greenixh-yellaw  or  greenish-brown  urine  indicates  the 
presence  of  the  coUmring  principlea  of  bile.  I  have,  however, 
seen  bilious  urine  voided  by  a  gentleman  of  seventy-six,  when 
suffering  under  one  of  his  frequent  attacks  of  the  passage  of 
gall-stones,  which  was  of  the  red  colour  of  Vogel's  table.  On 
other  occasions  of  tlie  kind  his  urine  would  be  of  greenish- 
brown  colour;  hut  then  he  was  jaundiced,  which  he  was 
not  with  the  red  urine. 

Dark  urine  of  a  bro^vnish,  or  brown  porter-Uke  colour, 
sometimes  like  ink,  more  rarely  of  a  blackish-gray  colour,  is 
the  result  of  severe  pathological  action  in  the  body,  and  indi- 
cates a  rapid  disintegration  of  the  red  blood -corpuscles,  the 
result  of  wliich  is  the  appearance  iu  the  urine  of  an  abnormal 
pigment,  or  perhaps  several  pigments  at  one  time.  Some- 
times the  pigment  of  dark  or  black  urine  is  coagulable,  thus 
indicating  its  being  dissolved  lusinatine. 

Iq  the  following  table  I  have  arranged  the  different  tints 
of  urine  in  the  succession  from  light  to  dark.  The  cause  of 
the  colour,  its  shortest  test,  the  coucomitant  characters  of  the 
urine,  and  the  general  pathological  indications,  have  been 
entered  in  separate  columns  of  the  table,  which  may  there- 
fore be  useful  as  a  guide  to  the  ready  physical  and  chemical 
distinction  of  the  substaucca  and  conditions  causing  the 
various  coloui-8. 
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Odour  of  Uri 


Healthy  urine  has  a  peculiar  odour,  which  rises  with  the 
vapour  of  water  after  emission.  It  is  almost  indestructible 
by  any  of  the  chemical  processes  usually  applied  to  urine,  and 
therefore  accompanies  the  operator  through  the  whole  course 
of  an  analysis. 

The  odour  is  due  to  the  presence  of  a  series  of  volatile 
acids,  which  may  be  obtained  by  distillation  of  larjie  qnantitiea 
of  urine.  In  this  way  Stadelcr  succeeded  iu  proving  the  pre- 
sence in  the  urine  of  man  and  animals  of  pheuylic  (or  car- 
bolic), taurylie,  damalurie,  and  damolic  acid.  The  common 
modifications  of  the  smell  of  lu-ine  are  probably  due  to  the 
preponderance  of  one  or  several  of  these  acids. 

Several  articles  of  daily  consumption,  as  coffee,  onions,  and 
garlic,  eommxuiieate  to  the  urioc  their  peculiar  odour. 
Asparagus  gives  it  a  peculiar  odour,  which  Is  not  exactly  the 
odour  of  the  stem  when  it  stands  hot  on  our  plate.  Oil  of 
turpentine,  when  taken  internally,  or  breathed  in  any  quan- 
tity, communicates  to  the  urine  a  violet  odour.  The  odorife- 
rous principles  of  saflron  and  cubebs  may  easily  be 
distinguished,  when  they  have  been  taken  internally. 

Taste  of  Urine. 

The  taste  of  urine  is  a  mixture  of  the  tastes  of  its  consti- 
tuents, of  whicb  two,  however,  cliaraeterise  it — urea  and 
chloride  of  sodium — the  one  imparting  a  bitterish  cooling 
flavour,  the  other  its  saline  taste.  The  phosphatic  alkalies 
are  of  a  cooling,  weak  saline  taste,  and  so  far  resemble 
the  chloride  of  sodiiun.  The  odorous  aeids  develop  their 
flavour  on  the  tongue  to  great  advantage.  To  taste  urine  is 
more  a  matter  of  curiosity  than  of  scientific  value,  as  it  re- 
veals no  fact  from  which  a  conclusion  might  he  drawn.  I 
only  record  it  in  compliance  with  the  usage  of  authors.  The 
discovery  of  tUabetes  mellitus  was  formerly  made  by  tasting 
only.  This  the  reader  should  consider  before  he  smiles  at  my 
speaking  of  the  taste  of  urine.  In  diabetes  the  taste  of  the 
urine  is  swekt. 
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As  the  chemical  reaction  of  healthy  urine  is  acid,  any  devia- 
tion from  this  condition  Ijecomes  at  onee  an  anomaly.  It  has 
been  ascertained  that  the  neutral  or  alkaline  condition  is  due 


CHEMICAL    REACTION     OF    ritlNE,  V 

not  BO  much  to  the  absolute  absence  of  the  acid,  us  to  its 
neutralizatiou  by  bases ;  the  nature  of  the  latter,  and  their 
origin,  determine  whether  the  neutral  or  alkaline  state  be 
within  the  limits  of  health,  or  a  symptom  of  disease,  or  a 
disease  per  se. 

It  ia  most  probable  that  the  acid  reaction  is  due  to  the 
presence  of  acid  salts,  such  as  the  phoRphatcs  and  sulphates 
of  potash  and  soda,  the  acid  urates  and  hippurates,  and  aeci- 
deutally  to  free  organic  acids,  such  as  the  oxalic,  malic,  and 
tartaric  (Buchheim,  Wohler),  and  their  acid  salts. 

Regarding  the  physiological  processes  which  produce  the 
ordinary  acid  reaction  much  remains  to  be  determined  by 
observation.  Dr.  Bcucc  Jones'  has  made  it  probable  that 
the  amount  of  acidity  in  the  urine  stands  in  an  inverse  pro- 
portion to  the  amount  of  acid  secreted  by  the  stomaeli  during 
digestion.  In  his  analyses  the  quantity  of  free  acid  has  been 
calculated  for  JOOO  parts  of  urine,  and  not  for  the  urine 
secreted  in  a  given  time.  It  is  for  this  reason  that  Vogel 
objects  to  relyiugupon  the  conclusions  drawn  therefrom.  The 
quantities  of  free  acid  disehai^ed  per  hour  in  every  hour  of 
the  twenty-four  ought  to  be  the  standard  round  which  to 
rally  such  examinations.  As  the  result  of  his  own  researches, 
and  those  of  others  working  under  his  guidance,  Vogel  ascer- 
tained that  the  highest  amount  of  acid  discharged  with  the 
urine  per  hour  occurred  during  the  night,  the  lowest  in  the 
forenoon,  and  the  medium  amount  in  the  afternoon,  being 
after  the  dinner  of  the  operators. 

The  degree  of  acidity  of  healthy  and  pathological  urine  can 
be  determined  by  an  easy  voUunetrical  process,  of  which  the 
details  are  given  in  a  subsequent  chapter. 

The  neutral  state  or  alkalinity  of  the  urine  is  the  conse- 
quence of  the  admixture  of  fixed  or  volatile  alkalies.  Before 
speaking  of  the  circumstances,  however,  under  which  neutral 
or  alkaline  urine  may  be  discharged  from  the  bladder,  we 
must  advert  to  the  fact  that  urine,  which  when  passed  was 
acid,  may  soon  become  alkaline  under  the  influence  of  decom- 
position of  urea.  This  conversion  is  sometimes  effected 
within  an  hour  after  emission  (G.  Bird).  It  must  be  con- 
sidered as  an  essentially  morbid  feature,  because  normal  urine, 
thoi^h  it  almost  always  becomes  alkaline  during  its  decom- 
position, yet  does  not  do  so  within  the  first  twenty-four  hours 
after  its  emission. 

But  the  alkaline  decomposition  of  even  healthy  urine  may 
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be  favoured  by  certaia  eircumstaiicea  requiring  the  moBt 
scrupulous  attention  of  the  practitioner,  the  neglect  of  which 
will  make  him  tiahic  to  grave  mistakee.  Urine  which  is 
already  in  a  state  of  alkaline  decomposition,  when  added 
even  in  small  quantity  to  healthy  urine,  will,  like  a  fcrmcut, 
induce  and  hasten  the  decomposition  of  the  normal  fluid. 
The  vessels,  therefore,  in  whieh  the  urine  is  collected,  must  be 
washed  and  scalded  with  great  care ;  otherwise  the  small 
quantities  of  decomposing  urine  adhering  to  their  walls  may 
induce  fallacious  conditions  of  the  fluid  collected. 

There  are  other  ciri-umstances  which  may  make  the  acid 
urine  alkaline  in  a  shorter  period  than  usual.  Such  are  the 
presence  of  mucus  and  pus,  which  imdoubtcdly  play  the 
part  of  a  ferment  in  many  cases.  This  may  be  proved  by 
dividing  a  specimen  of  acid  urine  into  two  parts,  filtering  the 
one  immediately,  leaving  the  other  as  it  is,  and  letting  both 
stand  aide  by  side.  The  filtered  urine  will  often  present  its 
original  acid  reaction,  when  the  portion  which  has  not 
been  filtered  is  already  alkaline.  I  have  found  that  de- 
canting the  clear  fluid  from  the  settled  cloud  of  mucus  senes 
the  same  purpose. 

High  temperature  and  great  dilution  favour  the  process  of 
decomposition.  A  concentrated  acid  urine  of  fever,  on  the 
contrary,  of  a  specific  gravity  of  1025,  containing  much 
urea,  will,  when  decanted  from  the  deposits,  retain  for  days, 
if  not  its  entire  character,  certainly  its  acid  reaction  and  its 
ordinary  appearance. 

Though  a  certain  amount  of  ammonia,  in  combination 
with  acids,  is  present  in  all  healthy  urine,  yet  that  quantity 
is  never  sufficient  to  produce  an  alkaline  reaction.  When 
ammonia  produces  the  neutral  or  alkaline  reaction,  as  it 
always  and  exclusively  does  when  the  alkalinity  has  super- 
vened after  emission,  it  is  the  product  of  the  decomposition 
of  urea  into  ammonia  and  carbonic  acid.  To  undergo  this 
conversion,  one  equivalent  of  urea  combines  with  two  equiva- 
lents of  water,  and  then  separates  into  two  equivalents  of 
carbonate  of  ammonia  ;  thus : 

C,  H4  N;,  Oj  +  2  HO  =  2  (Nil.,  -h  COj 

I  eqiiiv.  of  urea.  2  equif.  of  cu-rHinale  uf  HUmoaiB. 

Having  now  ascertained  the  causes  of  alkahnc  changes 
occurring  in  the  urine  after  emission,  we  are  the  better  pre- 
pared to  appreciate  the  processes  by  which  the  urine  may 
become  alkaline  before  emission.  \Vc  have  already  remarked 
that  this  may  be  effected  by  volatile  or  by  fixed  alkalies ;  and 
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accordingly  alkaline  urines  may  l>e  divided  into  tiro  great 
groups.  The  alkalinity  of  the  first  group  is  always  due  to 
the  presence  of  carbonate  of  ammonia  from  the  decomposition 
of  urea  in  the  urinary  passages,  particularly  the  bladder, 
aitcr  its  secretion  from  the  kidneys.  This  may  he  taken  as 
the  general  rule ;  though  it  is  possible,  but  not  proved,  that 
in  unemia,  and  some  other  diseases,  or  when  taken  inter- 
nally as  a  medicine,  carbonate  of  ammonia  may  be  discharged 
from  the  blood  by  the  kidneys.  Carbonate  of  ammonia  re- 
stores the  bine  colour  to  reddened  litmus  paper,'  but,  as  it 
evaporates  on  drying,  its  neutralizing  influence  disappears  on 
the  dried  test-paper,  which  therefore  again  becomes  red.  The 
fixed  alkahes,  on  the  contrary,  impart  a  permanent  blue 
colour  to  red  test-paper.  Both  descriptions  of  alkaline 
urine  effervesce  with  acids,  and  froth  or  lather  when  con- 
taining albumen. 

The  alkaline  decomposition  of  urine  in  the  urinary  passages, 
particularly  the  bladder,  may  be  referred  to  a  series  of  causes, 
all  of  which  Lave  one  effect  in  common,  namely,  that  of  pre- 
venting the  complete  emptj-ing  of  the  bladder  at  one  time.  A 
part  of  the  otherwise  healthy  urine  being  thus  retained  longer 
than  it  can  resist  alkaline  decomposition  under  ordinary 
circumstances,  acts  as  a  ferment  on  all  urine  subsequently 
entering  the  bladder.  Upon  this  point,  the  experiments  and 
arguments  of  Dr.  Snow '  are  quite  conclusive.     About  half  a 


•  The  requireroenU  for  t 
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The  colour  of  whit  mar  ^f  called  neutral  litniui  a  violel.  It  indicate*  acidity 
b;  becoming  more  or  quite  red,  and  alkalinity  by  becoming  inteuiely  blae. 
Vogel  prepare!  it  \ij  ev|ioiing  a  watery  infiiiion  of  litmoi  to  the  iuBuence  of  the 
air,  until  the  commencing  acid  fermentation  of  the  fluid  hai  imparted  to  it  Ibe 
violet  hue.    With  Ihii  tincture  he  itaini  atrongly  tized  paper,  and  ilriei  it  in  the 

The  article  now  commonly  «uld  for  neutral  teat-paper  ii,  however,  not  violet, 
but  red,  becoming  of  a  lighter  red  under  the  influence  of  acid,  and  blue  under 
that  of  alkali.  Thli  paper  ia  very  good  for  leating  for  alkali ;  but  doet  not 
generally  indicate  weak  acidi.  It  it  well  known  in  optica,  bow  difficult  it  is  to 
dittinguUh  between  the  dilTcrenl  gradalioni  of  one  anil  the  same  lint,  if  they  are 
lying  near  together :  e.  g.,  to  lay  that  one  red  it  more  or  leu  red  than  anatber. 
But  the  aligbteit  hue  of  blue  beside  red  is  easily  diatinguiihed  To  redden  the 
paper,  however  slightly,  beyond  the  violet,  apollt  its  delicacy  for  adds ;  on  the 
otiier  hand,  the  perfectly  red  paper  is  the  moat  delicate  for  alkalies. 

However  deairable  it  may  be  to  have  one  paper  indicate  either  acidity  or 
alkalinity,  the  attempts  to  make  a  neutral  paper  remind  one  of  the  popular 
saying,  that  it  ii  impoitlble  to  make  the  state-coicb  terve  Ibe  purposes  of  a 
privy,  wilhoiii  niakiug  it  inconvenient  for  lioth  deatinalions. 

'  Some  Remarks  on  Alkslcaceot  L'rine  and  I'bosphalic  Calculi,  '  Loi.dan 
Medical  Gaielte,'  Nov.  20,  1B(6. 
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pint  of  uewly  voideil  urine  was  put  into  a  ^lass  vessel  wliteh 
terminated  at  the  lower  part  in  a  tulje  of  minute  calibre, 
through  which  it  dropped  into  a  glass  jar  below,  at  the  rate 
of  about  twelve  dropa  in  a  minute,  which  is  about  an  oujice 
and  a  half  in  an  hour,  that  being  not  far  from  the  quantity 
usually  passing  into  the  bladder  from  the  ureters.  The 
vessels  were  kept  near  the  fire  at  the  temperature  of  100" 
F.  (377°  C.)  At  the  end  of  six  or  eight  hours,  when  the 
urine  had  all  dropped  into  the  lower  vessel,  it  was  emptied, 
all  but  about  thirty  drops,  and  the  upper  glass,  which  served 
as  a  fiinuel,  again  replenished.  It  was  found  that  the  urine 
in  the  lower  vessel  became  decomposed  generally  in  about 
twenty-four  hours,— in  about  the  same  time,  in  short,  as 
urine  preserved  at  the  same  temperature  from  the  beginning 
of  the  experiment,  the  time  varjing  according  to  the  quality 
of  the  urine.  It  generally  became  quite  fetid  in  two  or  three 
days,  at  all  events  highly  alkalescent,  and  remained  so  as 
long  as  the  experiment  was  continued ;  it  was  always  fresh 
and  acid  in  the  upper  vessel,  provided  this  was  washed  out 
occasionally ;  and  was  always  decomposed  in  the  lower  one, 
although  the  urine,  except  a  small  fiwition  of  it,  was  of  the 
same  age  in  both. 

Among  the  causes  which  may  prevent  the  complete  empty- 
ing of  the  bladder,  and  produce  alkaline,  t.  e.,  ammuni:i<Md 
urine,  foreign  bodies  in  the  bladder  claim  our  attention. 
"  One  of  tlic  symptoms  of  their  presence  is  the  occasional 
sudden  stoppage  of  the  stream  of  urine  before  the  bladder  is 
emptied ;  in  addition  to  this,  it  is  evident  that  the  bladder 
can  seldom  contract  around  a  foreign  body  so  exactly  as 
completely  to  expel  all  the  urine;  and,  moreover,  calculi, 
and  nearly  all  other  foreign  bodies  which  gain  admittance  to 
the  bladder,  arc  porous,  and  contain  urine  imprisoned  in  their 
pores ;  accordingly,  it  is  a  general  law,  with  extremely  few 
exceptions,  that  foreign  bodies  in  the  bladder  become  incrusted 
with  the  earthy  phosphates."  (Snow.)  A  catheter,  which  is 
left  in  the  urethra  and  bladder  for  some  days,  has  soon  the 
effect  of  foreign  bodies,  and  makes  the  urine  ammoniacal  and 
phospbatic,  by  allowing  a  small  quantity  of  urine  to  remain 
in  the  bladder.  Enlargement  of  the  prostate  and  atrietui'c 
of  the  urethra  act  in  a  similar  way.  Ammoniacal  urine  is 
the  almost  invariable  result  of  weakness,  partial  or  total 
paralysis  of  the  bladder,  more  strictly  of  the  detrusor  urinie, 
such  as  occurs  in  paraplegia  and  spinal  diseases  and  injuries,  in 
the  decrepitude  of  extreme  old  age,  and  comatose  conditions 
in  the  course  of  certain  diseases,  such  as  typhus,   (Simon,) 

It  is  probable  that  the  inflamed  condition  of  the  r 
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membrane  of  tlie  blacMer,  which  we  mostly  observe  along 
with  ammonincal  iirine,  is  the  consequence  of  this  condition 
of  the  urine.  If  ammoniacal  urine  acts  as  a  caustic  upon  the 
epidermis  and  cutis,  causing  excoriations  and  extensive  sore- 
ness, how  much  more  liable  must  the  mucous  membrane  of 
the  bladder  be  to  similar  affections!  The  alkaline  urine 
causes  positive  ulceration  on  the  mueoiis  membrane  in  eases 
of  extroversion  of  the  bladder,  on  the  enlarged  uterus  in  cases 
of  prolapse, — nothing  is  then  more  natural,  than  that  the 
offended  surface  of  the  carity  of  the  bladder  should,  for  its 
protection,  first  pour  out  a  large  quantity  of  mucus,  and 
when  the  cause  coiitimie  for  a  length  of  time,  pass  into  a 
state  of  chronic  inflammation,  with  croupy  exudations,  at- 
tended by  great  misery. 

In  very  few  cases  the  mere  presence  of  a  calculus  or  foreign 
body  in  the  bladder  causes  indammation  of  itself,  it  mostly 
requires  the  presence  of  ammoniacal  urine.  The  symptoms 
of  a  calculus  not  attended  by  ammoniacal  urine  arc  far  less 
severe  than  those  of  a  concretion  accompanied  by  such  urine ; 
and  ill  many  cases  the  presence  of  a  calculus  in  the  bladder 
is  neither  observed  nor  suspected  before  the  appearance  of 
ammoniacal  urine  and  its  attendant  suffering,  which,  from 
the  beginning  of  the  phosphatic  incrustation,  can  he  shown 
to  have  taken  place  only  at  a  time  when  the  calculus  had 
already  attained  a  considerable  size. 

We  must  here  mention  two  more  conditions  in  which 
the  partial  retention  of  urine  may  cause  ammoniacal  urine 
and  its  consequences.  The  one  is  a  so-ealled  sacculated 
bladder,  or  rupture  of  the  mucous  membrane  protruding 
through  the  muscular  coat.  The  other  occurs  in  insane 
persons,  who  have  a  tendency  to  retain  their  excretions  as 
long  as  possible.  When  forced  to  pass  water,  either  by 
natural  necessity  or  by  attendants,  they  will  only  allow  the 
passage  of  a  part,  retaining  another.  In  one  such  case,  I 
could  frequently  obseire  the  urine  become  ammoniacal  fifty 
hours  after  the  beginning  of  the  paroxysm.  The  researches 
of  Drs.  Rigby  and  Sutherland  show,  that  this  condition  is 
frequent  among  the  inmates  of  lunatic  asylums. 

The  most  efficacious  treatment  of  all  cases  of  ammoniai'al 
urine  is  the  washing  out  of  the  bladder  with  warm  water  by 
means  of  a  syringe  and  double  canula.  In  all  caaes  where 
the  operation  has  been  carried  oiit  properly,  the  urine  imme- 
diately loses  its  ammoniacal  condition,  and  in  most  cases  is 
clear  and  acid,  thus  pro\'ing  the  correctness  of  the  above 
views  by  demonstration. 

In  many  cases  of  acute  total  retention,  the  urine  does  not 
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become  ammoniacal,  but  becoming  concentrated  by  the  ab- 
sorption of  water,  remains  acid,  but  forms  deposits  of  varioufi 
kinds.  These  caaes  have  evidently  no  analogy  with  those  of 
partial  retention,  and  caa  therefore  not  tell  against  the  views 
nere  adopted. 

Ammoniacal  urine  is  always  fetid,  pale,  and  turbid,  from 
the  precipitation  of  triple  phosphate  and  phosphate  of  lime. 
The  smell,  and  the  presence  of  the  crystals  of  ammonio- 
phosphate  of  magnesia,  easily  distinguish  it  from  urine  which 
ie  only  turbid  by  alkalinity  from  fixed  alkali,  and  contains  a 
precipitate  of  phosphate  of  lime,  or  pliosphate  of  lime  and 
magnesia.  Urine  which  ia  alkaline  from  the  presence  of 
bicarbonates  (after  Vicliy  water)  is  mostly  clear,  the  earthy 
phosphates  being  soluble  in  the  second  equivalent  of  carbonic 
acid,  which  easily  separates  Jrom  the  earbonate. 

We  have  thus  advanced  to  the  consideration  of  that  group 
of  alkaline  urines  which  impart  to  red  test-paper  a  permanent 
blue  colour,  showing  that  they  are  produced  by  fixed  alkalies. 
When  the  alkali  ia  present  in  quantity  sufficient  only  to 
neutralize  the  free  acid  of  the  urine,  then  the  latter  exerts  no 
influence  upon  any  test-paperj  itisneutral.  But  it  must  be 
borne  in  mind  that  the  reaction  of  healthy  urine  being  acid, 
neutrality  of  the  fluid  in  itself  denotes  alkalinity. 

While,  on  the  one  hand,  the  presence  of  volatile  alkalies  in 
the  urine  is  always  pathological,  the  alkalinity  from  fixed 
alkalies  on  the  other  hand,  though  it  may  be,  and  in  many 
cases  is  of  a  morbid  nature,  occurs  more  frequently  within 
the  range  of  perfect  health.  Certain  descriptions  of  vegetable 
food,  such  as  apples,  lemon-juice,  and  a  series  of  acid  fruits, 
make  the  urine  alkaline  in  a  very  short  time.  Dr.  Bence 
Jones  found  that  120  grains  of  the  dry  tartrate  of  potash, 
dissolved  in  four  ounces  of  water,  made  the  urine  alkaline 
after  thirty-five  minutes.  The  alkalinity  had  disappeared 
after  two  hours.  A  gentleman  ate  an  apple  for  experiment, 
and  found  his  urine  alkaline  in  less  than  an  hour.  The 
acetates,  tartrates,  citrates,  and  malates,  in  fact  the  salts  of 
many  of  the  organic  acids,  are,  by  the  oiydizing  influenee  of 
the  chemistry  of  the  body,  converted  into  the  carbonates  of 
their  respective  bases,  and  being  as  such  discharged  with  the 
urine,  give  it  their  characteristic  reaction.  It  is  for  this 
reason,  and  some  others,  that  the  urine  of  hcrbivora  is  always 
alkaline. 

In  man  tliis  description  of  alkalinity,  which  may  occur  for 
hours  or  days,  or  at  a  certain  time  afler  meals,  ia  of  no 
practical  importance.  It  becomes  so,  however,  when  it  is  the 
consequence  of  the  use,  as  medicines,  of  the  caustic  alkalies, 
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8o(ia  and  potash,'  and  of  the  earths,  magnesia  and  lime,  or 
their  carbonates.  This  artificial  disease  not  unfrequently 
occurs  when  patients  to  whom  alkaline  remedies  liave  been 
prescribed  by  their  medical  advisers,  continue  to  take  thcra 
on  their  own  account  for  an  unreasonable  len^h  of  time. 

I  have  already  stated  that  the  neutral  or  alkaliuc  condition 
is  of  frequent  occurrence  with  the  pale  urine  discharged  in 
ansemic  conditions.  Of  the  reason  of  the  alkaline  reaction  in 
these  cases  we  can  as  yet  give  no  satisfactory  account.  But 
it  seems  probable  that  the  depression  of  the  organism  in 
these  cases,  accompanied  as  it  is  by  faulty  nutrition  of  the 
muscular  and  nervous  systems,  does  not  allow  of  the  accom- 
plishracut  of  that  chemical  process,  by  the  completion  of 
which,  in  health,  acid  combinations  arc  discharged  from  the 
tissues  and  blood.  It  is  in  this  direction  that  we  may  have 
to  search  for  the  truth.  Meantime,  we  may  safely  adopt  the 
empirical,  hut  highly  practical  doctrine  of  Rademacher,'  which 
Vogcl'  himself  adopts,  admitting  its  merit ;  namely,  that  a 
constantly  alkaline  (and  let  me  add,  constantly  pale)  urine 
requires  the  employment  of  tonics,  particularly  iron. 

The  continuance  of  the  alkalinity  of  urine  from  any  cause, 
but  particularly  from  alkaline  fermentation  and  the  mal- 
administration of  fixed  alkalies,  for  any  length  of  time,  is  to 
be  considered  a  serious  matter.  For  the  phosphates  of  mag- 
nesia and  lime,  liciiig  precipitated,  and  mixing  with  the 
increased  amount  of  mucus,  may  at  any  time,  and  imawares, 
form  a  stone,  with  all  its  consequences ;  or  the  turbid  and 
caustic  condition  of  the  urine  may  give  rise  to  diseased  states 
of  the  bladder,  which  it  is  afterwards  frequently  a  matter  of 
great  difficidty  to  remove. 
Table  shmeing  the  Substances  which   cause    the  Reaction  of 

Urine  expelled  from  the  Bladder. 

A.  Acid  Reaction  :  imparting  a  permanently  red  colour  to 

litnnis  paper.     Common  in  health  ;  due  to — 

a.  Fne  acidi. 


i 


p.  Mitic 

J.  Tutiric   1 
,  Ttre  acid  (ni 
(.  Phcnviic  icid 
{.  Taurylie  acid 
I).  Dammhiric  acid 
^  Daniolie  aci ' 


(.  nlien  taken  in  Urge  and  r 


r]" 


■  See 'Fatty  Tumiiun:  aclLon  or  Liquor  PoliitE.'  Letter  Iroiu  Dr.  Thudicliiin 
•  BHiiiii  Medical  Journal,'  Aug.  IS,  I8S7.  p.  702. 

■  '  Ri^chtferligung  der  verslaudesir.clitcn  Erfahrungshcillelirc,'   2d  cd..  vol.  i 

p.  2n.w«s. 

'  Locni.,  p.  177- 
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t.  Acid  tall: 

a.  Phoiphmei        "1 

V.  Ural«(Bcid)       pl'l'"'""' 
i.  llippuratei        J 
e.  Nealral  tall  ailh  acid  reaelton. 

a.  Chloride  of  iinmonium  (i|ue>tLOTiiMe). 

B.  Neutbal  or  Alkaline  Reaction  :   occurring  in  health 
uccusionally,  more  frequently  in  disease ;  due  to — 

B.  I'ixed  alkali,  imparting  a  pernianfiillj  blue  colour  to  red  Lilmui  paper. 

a.  Carbonalci  of  tlie  ilkaliei.  potash  and  *odi.  derived  from  the  aalta 
of  organic  acidi — acetates,  citrat«g.  tarlram,  malatea,  lactalei, 
&c.ior  introduced  directly,  e.g.,  in  mineral  waten  of  Viehv, 
Ait-la-Chipclle. 

^.  Carbonate!  of  the  earths,  lime  anil  magnesia, 

y.  Piu,  blood,  andierum. 

b.  Votalile  alkali— amnionia  i  carboDU«  ofkmmonia,  from  decomposition  of 

urn,  being  ■  remit  of — 
a.  Unemia  (queationable). 
p.  Hetention  of  urine,  caused  by  weakncH.  or  panlysis  of  bladder, 

or  by  olutraction  lodiichargeof  urine,  at  from  enlarged  praslite  : 

the  ferment  being  mueui,  or  >  retained  portiou  of  the  alreadj 

fermenled  uring. 
y.  Decomposition  of  urea,  under  the  influence  of  a  continued  discharge 

affined  alkalies  b;  the  urine. 

c.  Drficifncy  of  photphorie  and  tslphurie  acidt,  in  alkaiinitj  or  neulralitj 

of  pale  urine,  occurring  in  ansmic  conditions. 


ON    COOLINQ. 

In  colour  the  urine  becomes  a  trifle  darker  on  cooling ;  its 
peculiar  smell  becomes  very  ivcak,  partly  because  it  does  not 
evaporate  any  longer  with  the  vapour  of  water,  partly  because 
there  is  less  of  it. 

The  epithelia  collect  in  masses  and  clouds  towards  the 
bottom  of  the  vessel,  leaving  the  supernatant  fluid  perfectly 
clear  and  transparent. 

If  the  urine  have  been  concentrated  and  dark,  it  will  fre- 
quently deposit  a  reddish  crust  against  the  walls  of  the  vessel 
containing  it.  This  crust,  and  the  pulverulent  deposits  of 
urates,  which  are  formed  at  different  stages  of  the  process  of 
cooling,  may  occur  in  persons  enjoying  apparently  perfect 
health. 

As  a  general  rule,  it  may  be  said  that  the  more  coloured  a 
deposit  of  urates  is,  the  longer  time  has  it  required  for  its 
formation.  A  lady  having  lost  her  child,  was  obliged  to 
retain  the  milk  in  her  breasts,  When  the  painful  swelling 
of  the  bosom  had  ceased,  she  discharged  urine,  which,  on 
touching  the  vcjwel  in  which  it  was  received,  became  white 
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like  milk,  and  was  brought  to  me  &s  milk.  When  only  a 
small  quantity  vos  passed,  the  milk-like  condition  was  at 
once  apparent ;  the  vessel  withdrawing  a  sufficient  amount 
of  warmth  from  the  itrine  to  precipitate  the  urate.  But 
when  a  larger  quantity  was  passed,  the  firet  portion  made  a 
precipitate,  which  was  redissolved  as  the  larger  portion  was 
added.  Ten  minutes,  however,  were  sufficient  to  make  the 
precipitate  appear,  which  consisted  of  snowy-white  urate  of 
ammonia.  Dark -coloured  urines  mostly  throw  down  the 
urates  after  standing  during  some  time.  In  a  ease  of  heart- 
disease  with  dropsy,  the  brownish-red  urate  only  fell  after 
twenty-four  hours  j  in  a  case  of  colic,  only  after  twelve  hours. 
In  these  three  eases  the  temperature  could  not  have  been  the 
only  influence  exerted  upon  the  urine,  because  in  each  case 
the  urine  must  have  been  of  the  temperature  of  the  air  long 
before  the  deposit  fell,  and  in  the  first  case  the  deposit  fell 
before  the  urine  was  of  the  temperature  of  the  (warmed) 
room. 

In  some  few  cases  the  urine  may  become  alkaline  during 
the  process  of  cooling  (vide  p.  9) . 

If  sediments  are  discharged  with  or  formed  in  the  urine 
they  subside  towards  the  bottom  of  the  vessel.  Among  the 
sediments,  besides  mncus,  the  urates,  uric  acid,  and  the  oxa- 
late of  lime  are  moat  common.  Most  other  deposits  are  due 
to  the  decomposition  of  urine,  and  of  the  urates  in  some  cases. 


CHAPTER  II. 


QUANTTTT  OE  UBINE   AND   INGBEDIENTS. 


MODES   OF   COLLECTING   THE    URINE. 

To  collect  urine  is  not  an  easy  task^  and  requires  sreat 
attention.  The  requirements  are  to  collect  the  whole  oi  the 
urine  without  lonng  any  portion,  and  to  collect  it  in  such  a 
manner  as  to  preserve  its  purity.  It  is  essential  to  keep  all 
yessels  used  for  the  purpose  scrupulously  clean,  and  to  wash 
and  scald  them  at  least  once  a  day.  If  practising  among  the 
poor,  the  physician  will  find  it  necessary  to  order  that  the 
chamber-vessel  be  kept  covered  when  not  used,  in  order  to 
protect  the  urine  from  the  admixture  of  dirt  and  rubbish 
falling  from  the  patient's  bed.  In  many  diseases  it  is  de- 
sirable to  collect  in  separate  vessels  the  several  portions  of 
urine  passed  at  different  times  of  the  day  and  night.  Several 
small  pots  will  best  suit  this  purpose. 

In  hospitals  and  other  public  institutions  a  veir  convenient 
form  of  glass  is  in  use.  The  glass  consists  of  a  flat  body 
which  easily  Ues  on  its  bottom,  a  tumed-up  narrow  neck, 
and  a  moutn  fitted  to  the  requirements  of  the  sex.  For  men 
it  is  therefore  funnel-shaped ;  for  women  the  funnel  is  made 
ellipsoidal,  so  as  to  receive  the  vulva. 

If  the  urinals  described  were  combined  with  a  pan  of  a 
suitable  construction,  the  urine  might  be  collected  in  a  most 
easy  manner.  The  pan  requires  only  to  have  such  a  gap  in 
its  front  border  and  wall  as  will  admit  the  neck  of  the  urinal 
standing  in  front  of  it.  In  men,  the  penis  will  lie  easily  in 
the  neck  of  the  urinal ;  and  if  women  take  the  trouble  of 
sitting  a  little  closely  on  the  oval  funnel  of  the  urinal,  not  a 
drop  of  urine  can  possibly  be  lost. 
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These  glasses  ahould  be  graduated  upon  at  least  50  c.c, 
every  division,  of  which  there  ought  to  he  40,  equal  to  a 
measure  on  the  whole  of  2000  c.c.  Graduation  upon  single 
fluid  ounces  up  to  fifty  or  sixty  serves  the  same  purpose. 
The  physician  on  coming  to  the  bedside  would  then  be 
enabled  to  inform  himself  by  a  glance  of  the  total  quantity 
of  urine  collected ;  and,  if  none  were  lost,  of  the  whole  bulk 
discharged. 

In  some  hospitnls  the  ancient  urinal  is  still  in  use  ;  its  only 
advantage  over  the  ordinary  vessel  is  its  being  made  of  glass ; 
its  shape  is  much  leas  convenient  than  that  of  the  glasses 
described  above,  which  admit  of  the  discharge  of  urine  in 
the  recumbent  or  any  other  posture. 

In  many  cases  the  difficulties  in  the  way  of  coUectuig  the 
whole  of  the  urine  discharged  in  twenty-tour  hours  arc  very 
great.  Auy  one  of  my  readers  will  easily  6nd  tliem  out  by 
trial  upon  himself;  with  women  and  children  they  are  still 
greater.  Unless  a  special  apparatus  be  employed,  a  certain 
loss  at  every  motion  ia  nearly  unavoidable.  To  empty  the 
bladder  when  the  rectum  is  pressing  is  difficult,  and  fre- 
quently impoaaible,  or  interferes  with  the  function  of  the 
bowel,  and  then  becomes  injurious  to  health.  But  the  quan- 
tities so  lost  are  very  small  indeed  when  compared  with  the 
total  collected  by  all  available  means,  aud  may  safely  be 
made  up  for  by  an  estimate. 

The  matter  becomes  more  embarrassing  in  cases  of  severe 
illness,  where,  unfortimately,  with  the  importance  of  the 
indications  to  be  derived  from  the  quantity  and  quality  of  the 
urine,  the  obstacles  to  a  complete  collection  become  greater. 
Patients  in  a  delirious,  or  unconscious,  or  paralysed  state  will 
retain  or  pass  unconsciously  a  part  or  the  whole  of  their  renal 
and  alviue  exeretions.  Here  we  must  estimate  the  losses 
from  known  and  collected  quantities  in  proportion  to  time 
and  from  the  evidence  to  be  derived  from  inspection.  Allow- 
ing 20  per  cent,  for  error  in  the  estimate,  the  known  quanti- 
ties will  reduce  tliia  error  to  10  or  5  for  tlie  whole  amount 
in  the  worst  cases. 

In  this  maimer  the  practical  man  may  obtain  the  nearest 
possible  approach  to  tnithful  observation.  Unless,  howe\er, 
all  the  cautions  are  employed,  we  would  strongly  recommend 
that  too  nice  conclusions  should  not  be  based  upon  such 
uieomplete  observations,  though  they  even  give  to  the  think- 
ing practitioner  points  of  evidence  to  which  he  may  append 
his  reflections,  and  which  may  be  taken  into  account  in 
forming  the  prognosis  of  a  case,  or  in  tracing  out  a  plan  for 
therapeutical  proceedings. 
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TOTAL   QUANTITY  OP    URINE    DISCHARGED    IN    A   GIVEN    TIME. 

Any  attempt  to  make  a  quantitative  analysis  of  the  urine 
for  the  purposes  of  physiological  or  pathological  research 
must  be  based  upon  the  knowledge  of  the  total  amount  of 
urine  discharged  in  a  given  time.  It  is  the  neglect  of  this 
point  which  makes  all  analyses  useless  which  are  calculated 
upon  thousand  parts  of  urine,  regardless  of  the  time  in  which 
it  was  passed.  Hence  we  must,  though  with  regret,  exclude 
from  consideration,  by  this  sweeping  objection,  the  vast 
number  of  analyses  made  and  published  till  within  a  period 
of  three  or  four  years  ago.  And  not  only  on  this  ground  are 
these  analyses  excluded,  but  the  want  of  accuracy  in  the 
methods  makes  them  so  much  lost  labour.  Some  authors, 
though  perfectly  well  aware  that  in  all  cases  where  any  ap- 
proach to  accuracy  in  the  determination  of  the  specific 
gravity  is  required,  an  average  sample  firom  the  urine  passed 
in  twenty-four  hours  into  the  same  vessel  must  be  selected, 
— ^have  yet  formed  no  settled  idea  of  the  necessity  of  know- 
ing the  whole  amount  of  urine  discharged  during  the  twenty- 
four  hours.  It  could  have  been  only  by  losing  sight  of  this 
point  that  they  recommended  the  determination  of  the 
average  density  of  the  urine  from  the  density  of  a  mixture 
of  tlie  urine  passed  immediately  before  going  to  bed,  and  of 
that  voided  on  rising  in  the  morning.  But  of  what  use  is 
it  to  know  density  at  all,  if  firom  the  density  we  cannot  cal- 
culate the  whole  of  the  solids  discharged  in  a  given  time  ? 
For  this  we  must  know  the  whole  amount  of  urine. 

We  may  either  collect  the  whole  bulk  of  urine  passed  in 
twenty-four  hours,  or  in  every  single  hour,  or  in  as  many 
portions  of  the  twenty-four  hours  as  convenient.  But 
it  should  always  be  expressed  in  a  value  calculated  upon  the 
twenty-four  hours,  or  upon  every  single  hour.  In  many 
chronic  and  acute  diseases  we  must  collect  and  analyse  the 
urine  for  several  days  in  succession,  in  order  to  arrive  at  a 
correct  conclusion  upon  the  average  condition. 

The  amount  of  urine  is  best  determined  by  measuring  in 
the  graduated  urinals ;  or,  if  more  accuracy  is  desirable,  in 
high  graduated  cylinders  of  a  capacity  varying  fi-om  500  c.c. 
to  2000  c.c,  or  fi:x)m  10  to  50  fluid  oimces.  The  large 
cylinders  have  marks  for  every  10  c.c,  and  a  practised  eye 
will  easily  estimate  one  fourth  of  a  division ;  it  is,  therefore, 
possible  to  determine  the  entire  quantity  to  within  25  c.c 
in  a  very  short  time.   The  small  cylinders,  which  are  to  serve 
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for  measuring  the  (quantities  of  urine  of  a  shorter  period, 
flay  one  hour,  should  be  divided  into  single  cubic  centimetres, 
or  into  fluid  drachms. 

Both  descriptions  of  cylinders  must  be  provided  with  lips 
for  pouring  out  their  contents.  Their  upper  borders  must  be 
ground  in  an  horizontal  plane,  so  that  a  glass  diBC,  with  the 
assistance  of  a  little  tallow,  will  maie  an  air-  and  water-tight 
cover,  and  prevent  all  loss  by  evaporation.  The  foot  of  the 
cylinder  must  be  ground  so  correctly  that  the  vessel  may  be 
perfectly  perpendicular  when  standing  on  a  horizontal  plane. 
If  the  latter  is  not  at  hand,  a  tripod  or  disc  with  elevating 
screws  and  two  spu-it  levels  will  be  the  easy  means  of  placing 
the  cylinders  in  a  perfectly  horizontal  position.  These  tripods 
are  easily  obtained,  as  they  are  now  commonly  used  in  pho- 
tography. 

If  it  is  desirable  to  know  the  weight  of  a  certain  bulk  of 
urine,  it  is  only  necessary  to  multiply  the  number  of  cubic 
centimetres  found  by  measure  into  the  figure  expressing 
the  specific  grarity ;  the  result  will  give  the  quantity  in 
grammes,  thus — 

1000  c.c.  X  1'025  (spec,  gr.)  =  1025  grammes. 
250  c.c.  X  1021         „  =255-25      ,, 
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In  valuing  the  physiological  effects  of  the  variations  of  the 
discharge  of  urine,  the  fact  must  always  be  borne  in  miud 
that  the  water  discharged  in  the  urine  is  only  a  part  of  the 
water  excreted  by  the  whole  body.  According  to  our  beat 
estimates,  one  half  of  all  the  water  ingested  into  the  body 
goes  away  by  the  kidneys ;  the  other  half  by  the  lungs,  the 
skin,  and  the  faeces  together. 

I  have  conaiderod  it  useful  to  add  some  observations  on 
the  total  quantity  of  urine  discharged  by  healthy  individuals, 
to  the  observations  already  existing.  They  were  made  upon 
two  indiriduals ;  the  one,  A,  a  man  twenty-eight  years  of 
age,  and  weighing  70  kilogrammes ;  the  other,  B,  a  man 
twenty-eight  years  of  age,  and  weighing  72  kilogrammes. 
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A,  cBt.  28,  weighed  70  kilogrammes.    Quantities  qf  urine  from 
12  midnight  to  12  midnight,  twenty-four  hours  each. 

The  fifpiret  designite  cubic  centimetret. 


Nov.  16.  2014 

1654 

Dec  29.  2250 

Jan.  13.  1049 

2310 

2094 

1987 

2216 

1790 

2072 

2080 

2440 

„  23.  1860 

1820 

2125 

1618 

Jan.  1.  1570 

1585 

2450 

2061 

1287 

1557 

2850 

1910 

1765 

1650 

1500 

2030 

2920 

2097 

2422 

2082 

1540 

1766 

2505 

1239 

1312 

2860 

2160 

1843 

2683 

2160 

1860 

1638 

1980 

1468 

1410 

650 

2215 

2373 

2210 

1435 

1736 

2520 

1715 

1490 

2050 

Feb.  1.  1610 

1820 

2539 

2590 

2220 

2473 

1550 

2612 

1810 

1660 

1450 

1530 

„  30.  1930 

1815 

2326 

2210 

2136 

Dec.  1.  2202 

Dec  17.  1785 

Serenty-six  days^  with  one  interruption  of  twelve   days 
and  one  of  ten  days. 


148,211 
76 


= 1960. 


The  quantity  of  urine  discharged  by  A  is  therefore 
1950  c.c.  per  day,  as  the  average  of  seventy-six  days.  Maxi- 
(num,  2920  c.c.  Minimum,  1049  c.c.  The  minimum  of 
650  c.c.  I  must  assume  as  abnormal;  the  individual  on 
that  day  had  a  cold  and  headache. 

JB,  at.  28,  weighed  72  kilogrammes.     Quantities  of  urine  from 
12  midnight  to  12  midnight,  twenty -four  hours  each. 


Dec  17.  2432 

1580 

2000 

2440 

2235 

1528 

2000 

1670 

Jan.  30. 

1485 

2040 

1873 

1335 

Jan.  19.  1585 

1685 

1642 

1445 

1380 

1812 

1355 

Feb.  1. 

1420 

1100 

M  22.  1874 

Jan.  9.  2190 

,,     21.  2080 

1515 

1760 

1895 

1445 

1065 

„     29.  1720 

„  11.  1975 

1420 

1292 

1680 

1880 

1970 

1622 

1293 

1710 

„     31.  2020 

1482 

2655 

1750 

1530 

Jan.  1.  1700 

1590 

2540 

1500* 

1040 

2350 

1820 

1110 

Feb.  25.  1790 

,,   3.  1980 

2020 

1830 

1100 

DISCHARGED  IN   HEALTH.  23 

Fifty-seven  days,  with  five  interruptions,  of  eight,  one, 
one,  one,  one  day  respectively. 

^  =  1723. 

The  quantity  of  urine  discharged  by  B  is  therefore 
1723  c.c.  per  day,  as  the  average  of  fifty-seven  days. 
Maximum,  2655  c.c.     Minimum,  1040  c.c. 

The  quantity  of  urine  discharged  in  twenty-four  hours  by 
healthy  adultpersons  has  been  determined  by  various  other 
observers.  The  results  of  their  observations,  together  with 
the  results  of  my  own,  are  arranged  in  the  following  tabl 
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Table  thawing  the  total  quantity  of  Urine 


.^. 

8ui<>«l.. 

{ODOdilOlKblNI                                              1 

~ll 

.„,i.k«««™™. 

ttia. 

Ucd. 

Mu.     Mimnm^.j    Mtdjum- 

Mumim. 

Lecun    .     . 
Vikntin 

Lehmun      . 
Ditto.    .    . 

Bitefaoff, 

"&"' 

Ditto  .     .    . 
Ditto.    . 
Ditto.    .    . 

Uinuelf,  medium 
of  three  diji. 

Himielf  under  or- 
dinarjr    drcum. 

Himielf,       wlien 

who  drink  mucli. 
Well-fed   persoDi 

who  drint  le». 
For      one      kilo- 
gnmme  of  weight 

ofwlnlt. 
For      100     cenH. 

metrei  of  length 

of  .dolt. 
A,  mu,    «t.   28 

weight,  70  kl1<» 

aeientj-iii  d*)' 
B,    mm,   «t    28 

weight,  72  kil<» 
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The  values  obtained  by  my  observations,  extending  over 
lai^r  than  those  of  former  observers.  They  may  therefore 
urine  secreted  by  adults,  and  of  the  lowest  and  highest  amount 
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tSxhar^ed  in  given  times  by  healthy  individuab. 
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133  days  of  two  indmdualB,  are  throughoat  coDsiderably 
be  said  to  extend  our  knowledge  of  the  average  quantity  m 
coDBisteut  with  healthy  functioa. 


Among  the  influences  wliich  determine  the  quantity  of 
urine,  many  are  inherent  in  the  mode  of  life,  others  are 
entirely  independent  of  any  act  of  the  individual.  Of  the 
former  are  the  quantity  and  quality  of  food  and  drink,  and 
the  amount  of  perspiration  caused  by  activity. 

Tbe  ingestion  into  the  system  of  large  quantities  of  water, 
tea,  coffee,  beer,  (weak)  wine,  &c.,  may  in  a  short  time  raise 
the  hourly  quantity  of  urine  from  60  or  70  c.c.  to  300,  ( 
700  c.c,  (from  2  to  10  or  20  fl.  oz.)  and  more.  I  recollect 
that,  when  at  College,  I  used  to  bet  with  one  of  my  fellow- 
youngsters  as  to  whicii  of  us  could  drink  the  largest  quantity 
of  water  within  the  hour,  from  two  to  three  in  the  afternoon, 
having  taken  dinner  between  twelve  and  one.  At  first  I  beat  . 
him,  drinking  four  litres.  The  quantity  of  urine  discharged 
was  of  course  correspondingly  great,  and  certainly  not  lesa 
than  two  litres  per  hour.  After  a  week  my  opponent  beat 
me  hollow,  drinking  sl\  litres  during  the  appointed  hour. 

1  recollect  a  student  who  drank  fifteen  half  litres  of  weak 
beer  within  the  hours  from  eight  to  eleven  at  night,  an  entire 
half  litre  at  a  time,  and  felt  nothing  the  worse  for  it.  A  patient 
at  one  of  the  German  spas  used  to  take  sixteen  half-piut  glasses 
of  weak  saline  water  between  the  hours  from  six  to  eight  in 
the  morning.  In  both  cases  the  quantity  of  urine  discharged 
within  the  next  hour  amounted  to  about  one  half  of  the 
quantity  of  fluid  consumed  during  that  hour,  and  in  all  eases 
the  excess  of  fluid  seemed  to  be  discharged  within  two  hours 
and  a  half  after  the  last  ingestion. 

The  quantities  of  water  consumed  by  patients  in  some 
hydropathic  establishments  are  something  extraordinary.  It 
is  the  same  in  many  English  and  Continental  spas,  where 
patients  make  it  their  avocation  to  drink  warm  and  cold 
water.  A  discharge  of  urine  up  to  1000  c.c.  (35  ii.oz.)  per 
hour  is  there  of  common  occurrenee  after  drinking. 

Abstinence  from  drink,  on  the  other  hand,  diminishes  the 
secretion  of  urine ;  but  this  diminution  is  not  exactly  in 
inverse  proportion  to  the  increase  by  drink.  The  urine  does 
not  sink  below  a  certain  quantity,  even  in  cases  of  total  ab- 
stinence from  food  and  drink.  With  a  dry  diet  the  urine 
may,  as  obscncd  by  Mosler  on  four  males  of  from  twenty  to 
twenty-five  years  of  age,  sink  from  the  medium  of  86'0  c.c. 
(3  fl.  oz.)  per  hour  under  their  ordinary  diet  to  370  c.c. 
(IOfl.»t),U 

The  temperature  of  the  atmosphere,  the  amount  of  moisture 
diffused  in  it,  and  its  tension  as  expressed  by  the  barometer, 
arc  influences  over  whicli  the  individual  has  only  partial  con- 
trol.    The  amount  of  moisture,  therefore,  which   is  exhaled 
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by  the  lungB  and  skin — though  of  course  dependent  in  part 
ou  the  amount  of  water  present  in  the  blood,  on  the  relative 
excretory  activity  of  the  organs,  and  on  the  bodily  state  of  the 
individual,  such  as  exercise,  rest,  sleep,  and  so  on — is  partly 
determined  by  atmospheric  influences. 

Certain  regular  variations  in  the  hourly  quantity  of  urine 
arc  produced  by  the  cosmic  influences  of  day  and  night. 
During  the  sleep  of  night  only  58"0  c.c.  (15  fl.  dr.)  of  urine 
per  hour  are  excreted ;  in  the  morning  the  medium  is  690  c.c. 
(18  fl.  dr.)  ;  after  dinner,  if  taken  early,  or  after  luncheon, 
the  amount  of  urine  becomes  largest — 77'0  c.c,  (2J  fl.oz.), 
and  sinks  again  in  the  evening  to  730  c.c.  (19  fl.  dr.), 
when  even  a  late  dinner  will  not  influence  it  so  much  as 
might  be  supposed  &om  the  observations  after  an  early 
dinner.  Nothing  could  better  demonstrate  the  influences 
of  activity  and  rest  upon  the  quantity  of  urine  than  these 
facts.  Not  only  is  there  a  greater  production  of  efl^'ete 
matter,  during  waking  and  exercise,  requiring  to  be  discharged 
from  the  blood  than  during  sleep,  but  also  the  excre- 
tory activity  of  the  kidney  is  higher,  in  conaequencc  of  the 
transference  of  the  nervous  stimulus,  and  from  the  stimulant 
action  of  certain  substances  of  aliment,  such  as  coffee,  porter, 
onions,  and  a  host  of  other  articles  of  diuretic  property.  This 
transferred  nervous  and  direct  stimulus  may  be  brought  to 
bear  upon  the  kidneys  at  any  hour  of  the  day  or  uight,  and 
it  is  therefore  that  persons  working  with  either  mind  or  body 
during  the  night,  discharge  as  much  urine  as  during  the  same 
activity  in  the  daytime.  On  the  other  hand,  sleep  and 
inactivity    in    the  daytime   will   diminish   the    quantity   of 

To  recapitulate :  the  physiological  quantity  of  urine  is  de- 
pendent, on  the  one  hand,  upon  the  amount  of  water  intro- 
duced into  the  blood,  or  abstracted  from  it  by  other  excretory 
organs ;  and,  on  the  other  hand,  upon  the  excretory  activity 
of  the  kidneys  in  its  widest  sense,  as  we  have  already 
stated. 


qUANTITV   OF    CBINE    DISCHARGED    IN    DISEASE. 

Though  in  patients  all  the  influences  which  determine  the 
quantity  of  urine  in  health  may  combine  with  the  influences 
of  the  disease,  yet  as  a  general  rule  the  consideration  of  the 
total  quantity  of  urine  in  a  great  number  of  diseases  will 
convince  us  that  its  variation,  or  a  certain  mode  of  variation, 
forms  one  of  their  essential  symptoma.  In  the  long  run  the 
character  of  the  disease  will  determine  the  character  of  the 
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mine,  however  the  satisfaction  of  an  accidental  thirst  of  the 

Eatient  may  increase  it  for  a  time,  or  iioweier  mucli  it  may 
ave  been  diminished  by  vomiting,  diarrlicea,  perspiration,  or 
increased  pnlmonic  exhalation. 

In  the  previous  remarks  we  have  seen  the  maximum,  me- 
dium, and  minimum  quantities  of  urine  discharged  in  given 
times  by  given  weights  of  individual.  This  must  form  the 
basis  of  any  attempt  at  judging  whetlier  the  quantity  of  urine 
in  a  given  case  of  disease  is  less  or  more  than  the  same  indi- 
vidual would  be  likely  to  discharge  during  health.  The  only 
caution  necessary  is  to  allow  a  sufficient  margin  for  accidental 
variatiouB.  K  we  do  so,  the  practical  conclusions  arrived  at 
from  a  consideration  of  this  point  are  as  valuable  as  any  of 
the  most  pathognomonic  objei^tive  symptoms.  As  an  example, 
we  will  assume  the  case  of  aji  average  adult  individual.  We 
know  he  does  not  drink  a  great  deal  when  well,  and  may 
therefore  put  down  his  medium  quantity  of  urine  for  twenty- 
four  hours  as  1300  c.c.  (4'2fl.oz.)  This  individual  has  become 
ill,  and  wc  now  ascertain  that  his  urine  for  twenty-four 
hours  only  amounts  to  400  c.c.  {13  fl.  oz.)  We  are  at  once 
justified  in  the  conclusion  that  the  disease  has  brought 
abont  a  diminution  of  the  bulk  of  the  urine  to  less  than 
one  third  its  ordinary  medium.  Experience  teaches  us  the 
consequences  likely  to  follow  the  condition  of  the  system, 
of  which  this  lessened  quantity  of  urine  is  a  symptono. 
The  symptom  therefore  has  a  high  diagnostic  and  prognostic 
value,  aa  we  shall  presently  more  particularly  show.  An 
increased  amount  of  urine,  on  the  other  hand,  to  about  2500 
or  3000  C.C.  (80^  or  96^  fl.  oz.),  in  a  patient  who  in  health 
would  discharge  from  1600  to  1700  c.c.  (51|  to  55  fl.oz.),  is 
an  evident  excess,  which,  if  not  traceable  to  any  special  acci- 
dental cause,  and  if  permanent,  as  in  diabetes,  is  the  main 
and  principal  symptom  of  the  disorder,  and  therefore  the 
almost  exclusive  means  of  its  diagnosis. 

We  will  presently  show  to  the  reader  the  use  of  observing 
these  variations  in  every  ease ;  but  science  requires  that  we 
should  observe  everything  offered  to  our  senses  hy  a  case, 
even  should  we  not  see  the  immediate  use  of  it. 

It  is  a  fact,  derived  from  general  experience,  and  which 
may  be  verified  any  and  every  day,  Ihal  the  quantity  of  the 
urins  w  diminished  in  all  acute  febrile  diseases,  viz.,  in 
exanthemata  and  zymotic  diseases,  in  low  gaatric  fevers  and 
typhus,  in  rheumatic  fev'ers,  in  all  inflammatory  diseases,  such 
aa  pneumonia,  pleuritis,  and  bronchitis,  and  in  the  inflam- 
matory fevers  of  tropical  climates  or  miasmatic  regions. 
In  all  these  diseases,  and  in  many  more,   u  mnnfirnt  dimi- 
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nution  of  the  quantity  of  urine  is  accompanied  by,  and 
l/trrefore  patkognomomc  of,  a  constant  increase  m  the  intmsity 
of  the  disorder.  When  tite  quantity  of  urine  remains  very  low 
(below  800  c.c,  25il  fl.  oz.,  per  day)  for  any  length  of  time, 
then  we  may  conclude  that  the  intenMfy  of  the  disease  has  not 
abated.  A  constant  increase  in  the  quantity  of  the  urine, 
howevvr,  is  a  favorable  symptom,  and  shows  that  the  patient 
has  passed  the  acme,  and  thai  the  diseased  action  is  abating 
(vide  Vogel,  loc.  cit.,  p.  226) .  During  the  period  of  con- 
valeticence  the  quantity  of  urine  becomes  normal,  or  exceeds  in 
some  cases  the  normal  quantity. 

Professor  Vogel  observed  the  following  case,  illustratiTe  of 
these  poiuts.  It  is  the  more  interesting,  as  the  norma!  quantity 
of  the  urine  diacliarged  by  the  patient  during  health  had  been 
mcasuTPd  for  a  certain  period  just  before  he  became  ill.  He 
was  an  attendant  in  the  hospital,  and  became  the  subject  of 
typhus  fever.  During  the  first  three  days  of  the  illness,  the 
total  quantity  of  mine  in  twenty-four  hours,  amoimting  to 
1800  c.c.  (58  fl.  oz.)  during  health,  fell  gradually  to  200  C.c. 
6^  fl.  02.) :  it  rose  during  the  next  five  days  regidarly  up  to 
the  normal  1800  c.c.  (58  fl.  ok.),  exceeded  the  amount  soon 
up  to  2200  c.c.  (70J  fl.  ok.),  and  then  returned  gradually  to 
the  usual  average  quantity. 

fVhen  a  disease,  acute  or  chronic,  takes  a  fatal  turn,  the 
quantity  of  urine  becomes  frequently  very  low,  or  remaijt*  in  a 
fluctuating  low  state.  This  is  the  case  in  all  diseases  ending 
with  or  by  exliaustion  of  the  material  of  the  component  parts 
of  the  body.  In  cases,  however,  the  fatal  termination  of 
which  is  due  to  a  more  sudden  interference  with  the  powers 
of  the  nervous  system,  or  with  the  mechanical  action  of  the 
lungs  aud  heart,  the  quantity  of  the  urine  is  not  usually 
very  much  diminished. 

TTie  quantity  of  urine  is  materially  diminished  in  dropsical 
diseases,  with  or  without  diseased  kidneys.  Common  practice 
has  made  the  amount  of  urine  discharged  by  such  patients 
the  iudei  of  their  improvement  or  otherwise,  and  has  made 
a  small  quantity  of  urine,  in  eases  in  which  the  cause  of 
the  disorder  is  not  the  kidney  itself,  a  therapeutical  indication 
for  the  administration  of  diuretics. 

The  quantity  of  the  urine  is  materially  increased  in  those 
diseases  which  we  commonly  term  diabetes.  In  these  cases, 
however,  as  in  cases  of  diseased  kidneys,  it  is  necessary  to 
give  particular  attention  to  the  quality  of  the  urine  at 
the  same  time,  when  the  distinctions  between  hydruria, 
diabetes  insipidus,  and  diabetes  mellitus  will  become 
prominent. 


loLiDS  AND   wateh  : 


SOLIDS  AND  WATER SPECIFIC  BRAVITV. 

The  direct  way  of  determining  the  amount  of  solids  coii- 
taineil  in  a  ^ven  quantity  of  urine  is  by  the  evaporation  of 
the  water.  This  is  best  done  under  tlie  receiver  of  the  air- 
pump,  care  being  taken  not  to  make  the  urine  boil,  in  order 
to  prevent  loss  from  the  bursting  of  the  bubbles  evolved. 
By  placing  with  the  urine  to  be  dried  any  body  capable  of 
freely  absorbing  water,  such  as  sulphuric  acid  or  quicklime, 
the  vapour  may  be  alisorbed  aa  soon  as  evolved,  and  in  this 
way  a  vacuum  for  fur  aud  vapour  may  be  kept  up,  under  the 
influence  of  which  the  urine  will  rapidly  get  dry.  When 
nearly  dry,  the  residue  may  be  mixed  with  a  weighed  quantity 
(1  to  2  grammes,  15  to  30  grains)  of  finely  ground  spongy 
platinum.     This  makes  the  drying  considerably  easier. 

The  vessel  in  which  the  urine  is  exposed  should  be  rather 
flat,  so  as  to  give  the  largest  possible  surface  for  evaporation, 
and  should  be  provided  with  ground  edges,  so  that  it  may  be 
rendered  air-tight  by  greasing  them  and  applying  a  glass 
disc.  This  caution  is  requii'cd  in  order  to  prevent  the  residue 
from  absorbing  water  from  the  air,  on  being  transferred  from 
the  receiver  to  the  scales  for  weighing.  The  weight  is  now 
determined  in  the  closed  box  of  the  chemical  scales,  the  air 
surrounding  which  is  kept  dry  by  the  presence  of  sulphuric 
acid  and  chloride  of  calcium.  Then  the  vessel  ivith  the 
residue  is  again  removed  to  the  receiver  of  the  air-pump  j 
after  it  haa  been  exposed  for  a  time  to  the  evaporating  in- 
fluence, the  covered  vessel  is  again  weighed ;  and  if  it  have 
lostnothingduring  the  last  exposure,  the  residue  is  considered 
to  be  perfectly  dry.  Of  course,  if  it  have  lost  in  weight 
between  two  weighings,  it  must  yet  be  brought  repeatedly 
into  the  vacuum,  until  the  weight  remains  stationary. 

This  process  is  one  of  extreme  difiiculty  and  great  expense  of 
time ;  but  it  is  the  only  one  which  gives  accurate  alisolute 
results.  Less  accurate  is  the  following  method,  in  which  the 
evaporation  of  the  water  is  effected  by  the  assistance  of  heat. 
The  objection  to  the  application  of  heat  in  this  process  is, 
that  it  decomposes  a  certain  amount  of  urea,  which  is  vola- 
tilized in  the  form  of  ammonia  and  carbonic  acid.  This 
objection  is  so  well  founded,  that  if  the  products  of  evapora- 
tion arc  caught  in  a  cooler,  it  will  almost  always  be  jMJSsible 
to  find  traces  of  ammonia  in  the  condensed  distillate  by  the 
delicate  test  1  shall  describe  under  Ammonia.  This  am- 
monia, of  course,  must  not  be  confounded  with  the  ammonia 
proper   of  the    urine.       Uy  always  keeping   the  urine  acid 


iluring  evaporation,  tlic  decuiiij>ositiou  of  urea  may  be  limited 
to  a  miitimum ;  but  alkalinity  of  tbe  urine  wiU  favour  the 
deBtruction  of  urea  during  the  application  of  heat.  However, 
where  no  air-pump  is  at  hand,  and  where  ordinary  results 
only  are  required,  the  method  now  to  be  described  is  still  of 
considerable  use. 

Tbe  operator  pours  about  12  or  16  grammes  (or  4  to  5 
drachms)  of  uriue  by  weight  or  measure  into  a  porcelain 
or  platinum  capsule,  which,  with  a  well-cloBtng  cover,  has 
been  counterpoised  beforehand.  It  is  then  fitted  into  the 
ring  of  the  water  bath,  so  that  the  greater  part  of  its  outer 
Buxfacc  is  surrounded  by  the  hot  water. 

If  the  solids  only  are  to  be  determined,  tbe  be«t  plan  is  to 
take  a  flat,  small  evaporating  dish  for  the  operation.  The 
beat  vessel  for  a  water  bath  is  a  semi-globe  of  copper, 
with  bandies,  and  with  rings  on  the  top  to  fit  every  size 
of  evaporating  dish,  and  with  an  opening  for  replenishing  the 
supply  of  water.  Another  water-bath  is  that  which  com- 
bines tbe  advantages  of  the  one  just  described  with  those  of 
an  air-bath  warmed  by  water.  The  top  is  provided  with  four 
holes,  admitting  as  many  evaporating  dishes  or  capsules  of 
diflerent  sizes.  Any  hole  not  used  is  closed  by  its  cover. 
The  warm  air-bath  at  the  iroDt  has  two  compartments,  a  door, 
with  a  rosette  for  admitting  air  if  required,  a  ventilator  at 
the  top  for  carrying  away  the  moisture,  and  an  opening,  into 
which  a  thermometer  may  be  fixed  with  a  cork,  if  it  be 
desired  to  keep  the  temperature  at  a  certain  point. 

When  tbe  urine  has  evaporated  to  an  apparently  dry 
residue,  the  capsule  must  be  transferred  to  an  air-bath, — a 
round  box  of  copper,  with  doulile  walls  and  a  lid  on  its  upper 
surface.  The  substances  to  be  dried  are  placed  upon  a  sieve  of 
perforated  copper,  which  is  placed  in  the  interior  of  the  bos  in 
such  a  manner  as  to  prevent  any  beat  conducted  by  the  metal, 
particularlv  the  bottom,  from  reaching  the  substances.  Thus 
they  can  only  be  affected  by  the  hot  air,  the  temperature  of 
which  is  ascertwned  by  a  thermometer,  placed  with  its  bulb 
inside  the  box,  and  surrounded  outside  by  a  glass  tube,  in 
order  to  prevent  the  small  column  of  mercury  from  being 
afiected  by  any  external  currents  of  air. 

The  capsule  being  in  the  air  bath,  the  air  is  now  heated  with 
a  spirit-  or  gas-lamp,  under  the  box,  to  ^30"  F.  (1 10°  C),  and 
is  kept  at  that  temperature  from  half  an  hour  to  an  hour. 
Being  ready  for  weighing,  the  capsule  is  covered,  and  allowed 
to  cool  over  Hulphuric  acid,  in  the  apparatus  in  which  it  is 
carried  to  the  scales.  This  apparatus  is  a  strong  cylindrical 
glass  with  ground  edges,  containing  about  an  inch  in  de])th 
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of  etroni;  sulphuric  acid.  Over  this,  the  capsule  is  placed 
upon  a  tripod  made  of  strong  lead  wire.  The  glass  is  closed 
by  a  glass  disc,  with  the  assistauce  of  a  little  tallow. 

After  the  weight  of  the  capsule  and  contents  has  been 
ascertained,  it  is  again  exposed  to  the  temperature  of  230°  F. 
(110°  C),  and  if,  after  some  time,  a  second  weighing  does  not 
show  a  further  loss,  the  residue  may  be  considered  as  dry. 

We  now  find  by  easy  calculation  the  amount  of  water 
evaporated,  and  the  amount  of  solids  contained  in  a  given 
quantity  of  urine.  If  the  total  quantity  of  urine  dischai^ed 
in  twenty-four  hours  be  known,  the  total  of  solids  discharged 
therewith  is  readily  found :  for  the  quantity  of  urine  («}  taken 
for  evajioration  stands  to  residue  (r)  found,  in  the  same  pro- 
portiou  as  the  total  quantity  of  urine  (U)  discharged  in  twenty- 
four  liours  stands  to  the  (R)  solids  dissolved  in  it. 

u  :   r   :   :   \J  :   X;  hence  x  =  —  =  R. 

For  example,  let  the  quantity  of  urine  experimented  on  be 
10  grammes,  the  quantity  of  solid  residue  in  it  0'23  grammes, 
the  total  quantity  of  urine  discharged  1000  grammes,  then 

0-23  X  1000 

Tjj =  23  granunea, 

the  total  quantity  of  solids  dissolved  in  the  urine. 

As  the  urine  is  a  solution  of  several  substances  in  water, 
their  amount,  viz.,  the  amount  of  solids  contained  in  any 
given  quantity,  may  be  ascertained  by  finding  the  specific 
gravity;  for  the  specific  gravity  of  any  watery  solution  is 
higher  than  pure  water  in  proportion  to  the  amount  of  solids 
dissolved,  the  solids  in  solution  giring  up  their  own  individual 
specific  grarity,  and  influencing  the  specific  weight  of  the 
solution  by  their  absolute  weight  only.  This  is  proved  by 
the  fact  already  mentioned ;  namely,  that  the  absolute  weight 
of  a  given  bulk  of  urine  may  be  found  by  multijilying  the 
bulk,  as  expressed  in  cubic  centimetres,  by  the  figure  express- 
ing the  specific  gravity  (p.  20) . 

The  best  mode  of  discovering  the  specific  gravity  of  the  urine 
is  to  compare  the  weight  of  a  certain  bulk  with  the  weight  of 
an  equal  bulk  of  water.  For  this  purpose  any  phial  of  con- 
venient size  may  be  used;  but  best  of  all  vessels  is  the 
pycnometer,  a  small  glass  bottle,  the  elongated  ground  in 
stopper  of  which  it  a  capillary  tube.  The  advantages  thereby 
obtained  are,  that  no  air  can  be  inclosed  in  the  bottle 
(certainly  not,  as  some  fancy,  because  the  air,  wlien  in- 
cluded, can  escape  by  the  capillary  tube,  which  it  could  not. 
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from  its  great  adhesion  ;  but  beeause  no  air  is  ever  inclosed, 
being  displaced  by  the  rising  water  when  tlie  stopper  sinks 
into  the  full  bottle) ;  and  that  tlie  bottle  can  be  accurately 
filled  with  the  same  bulk  of  fluid  every  time.  The  larger  and 
better  kinds  of  pycnometers  arc,  moreover,  pro\'ided  with  a 
thermometer,  the  bulb  of  which  lies  in  the  body  of  the  stopper, 
&nd  the  tube  in  the  elongation. 

The  weight  of  the  pycnometer,  and  of  the  water  required  to 
fill  it,  being  each  ascertained,  are  written  upon  the  glass  with 
a  diamond.  The  weight  of  the  urine  required  to  fijl  the  pycno- 
meter is  then  ascertained.  Then  the  weight  of  water :  weight 
of  urine  : :  specific  gravity  of  water:  specific  gravity  of  urine. 
Or,  the  specific  gravity  of  water  being  1, 


weight  of  urine 
weight  of  water 


=  spec.  grav.  of  urine. 


Ex.  A  pycnometer  held  50  grammes  of  water,  and  fi*Sftr/-A 
grammes  of  urine. 

— ^  =  1024  spec.  grav.  of  urine; 


Or,  50  :    51-2   : 


1 


50 


=  1024. 


Another  and  more  convenient  mode  of  finding  the  specific 
gravity  of  the  urine  is  founded  on  the  fact  of  immersed 
solids  displacing  a  bulk  equal  to  their  own.  For  this  purpose 
a  solid  glass  ball  is  used,  the  loss  of  ^(liich,  when  weighed  in 
water,  is  known,  and  inscribed  on  it  with  a  diamond.  It  is 
then  weighed  while  immersed  in  urine,  and  its  loss,  as  com- 
pared with  its  weight  in  air,  is  ascertained.  Then  its  loss 
when  weighed  in  the  urine,  divided  by  its  loss  when  weighed 
in  water,  will  be  the  specific  gravity  required.' 

Ej.:  a  glass  ball  lost  500  grammes  when  weighed  in  water, 
and  51-2  when  weighed  in  urine. 


51-2 


1024. 


Though  the  two  methods  last  described  do  not  require  so 
much  time  and  weighing  as  the  first  two  methods,  stiU  they 

■  Bird  and  Brwke. '  Nat.  PhUoa.'  p.  193.  i  378. 
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are  sufficiently  troublesome  to  exclude  them  from  universal 
appUcatioa.  The  only  method  of  ascertaining  the  specific 
gravity  of  urine  for  the  practical  purposes  of  dia^osis  and 
prognosis  at  the  bedside,  is  the  use  of  the  gravimcter,  or  areo- 
meter, which,  when  destined  to  be  xised  for  the  urine  only, 
should  be  called  urogravimeter,  but  has  been  wrongly  styled 
urinometer.  The  mode  of  action  of  this  instrument  depends 
upon  the  fact  of  solids  of  a  given  weight  sinking  deeper  in 
light  than  in  heavy  fluids. 

The  urogravimeterB  are  made  of  various  materials,  generally 
glass  or  metal,  each  of  which  have  their  pecidiar  advanta^ies, 
which  have  not  yet  been  combined  in  any  material.  Metal  is 
most  durable ;  but  by  frequent  use  and  drying  it  loses  a  little 
of  its  weight.  This  does  not  so  much  apply  to  iustrumenta 
made  of  solid  gold  or  platinum,  and  well  polished  and  hard- 
ened, as  to  a  manufacture  now  frequently  sold,  tbe  material 
of  which  ia  brass  with  a  gilt  siuface.  This  electro-gilt  layer 
is  rubbed  off  in  a  very  short  time ;  and  of  course  the  instru- 
ment bccome-s  incorrect,  and  requires  to  be  sent  to  the  gilder. 
Whoever  uses  such  an  instrument  must  frequently  try  its 
accuracy  by  immersing  it  in  distilled  water,  in  which  it 
will  sink  to  zero  when  correct,  and  not  so  deep  when  incorrect, 

Itiatruments  made  of  glass  are  apt  to  break ;  but  their 
advantages  arc,  cheapness,  and  the  property  of  the  glass  to 
compensate  by  expansion  or  dilatation  for  any  diminution  of 
the  densitv  of  the  urine  by  a  higher  temperature  between 
60°  and  80=  F.  {15-5°  and  266  C.)  Ackland. 

The  gravimcter  just  described  only  admits  of  a  reading  in 
half  divisions ;  and  if  the  instrument  is  small,  these  divisions 
come  so  near  together,  that  it  is  sometimes  impossible  to  say 
which  division  is  the  proper  level  of  the  fluid.  In  order, 
therefore,  to  obtain  more  accuracy,  by  having  more  divisions 
between  the  points  of  a  and  />,  or  0  and  30,  it  is  advisable 
to  divide  the  scale  upon  two  gravimeters,  of  which  the  one 
may  range  from  0  to  18,  the  other  from  18  to  30  or  38,  which 
is  beyond  the  density  of  almost  any  urine.  In  this  manner 
we  double  the  length  of  the  scale,  and  may  now  mark  and 
read  quarters  of  a  division. 

There  are  two  sources  of  error,  arising  out  of  the  use 
of  these  instruments,  which  must  be  corrected  before 
determining  the  amount  of  solids  after  the  reading  from  the 
gravimeter.  The  first  source  of  error  is  in  the  instrument 
itself,  and  consists  in  the  division  of  the  scale  into  equal  parts. 
This  of  course  goes  upon  the  assumption  that  the  strata  of 
the  fluid  in  which  the  gravimcter  is  immersed  arc  also  of 
equal  density.     But  as  the  density  increases  with  the  depth 


from  the  surface,  the  graduations  of  the  scale  ought  to  be 
corrected  upon  the  different  densities  of  the  respective 
columDB  of  urine.  This  may  be  done  in  every  case  by  calcu- 
lation, but  much  better  by  ueing  a  gravimeter,  the  scale 
of  which  has  been  grathiated  with  reference  to  compen- 
sation, by  the  machine  of  Mr.  Ackland,  invented  for  that 
purjiosc. 

The  second  source  of  error  is  the  variable  temperature  of 
the  urine,  the  graviracters  in  general  use  being  graduated 
for  water  and  urine  at  a  temperature  of  60°  F.  (ISS"  C.) 
It  is  therefore  necessary  in  any  case  to  determine  the  tem- 
perature of  the  urine  hv  the  aid  of  a  thermometer ;  and  if 
it  is  not  at  60°  F.  (155°C.),  to  bring  it  arti6cially  to  this, 
or  to  correct  the  reading  of  the  graiimeter  by  a  compensating 
calculation  based  upon  the  temperature  found.  For  this 
purpose  the  following  table  of  Mr.  Ackland  may  be  referred  to,' 

A  Table  for  reducing  the  indicaliotis  at  a  kijiher  temperature 
of  a  glass  gravirneter  to  the  standard  temperature, 
60°  F.  (15-5°  C.) 


&ddit«i. 

-d.T.di'ML 

Ex.    Suppose     the 
urinometer  to  float  in 

uMlcfon. 

IsdialioD. 

P. 

C. 

P. 

C. 

urine  of  73"  tempei-a- 

eo 

li-55 

-00 

73 

22-78 

1-20 

tiire  at  21.    On  refer- 

61 

16-11 

■08 

7* 

23-33 

130 

ring  to  the  table  op- 

G2 
63 

16-67 
17-22 

■16 
■2i 

75 

7S 

23-89 
24-44 

140 
1-50 

posite    73°     will     be 

6* 

17-78 

■32 

77 

25-00 

1-60 

found  1'20,  which  is 

65 

■40 

78 

25-5a 

1-70 

to  be  added  to  the  in- 

66 
67 

18-89 
l')-44 

-50 
-CO 

79 
80 

2611 
26-67 

1-80 
1-90 

dication    21,   making 

68      20-00 

-70 

81 

2722 

200 

the  true  specific  gra- 
vity =  1022-2. 

69      20SS 

-80 

n 

27-78 

210 

70  21-11 

71  21-67 

-go 

100 

83 
81 

28-33 
28-98 

220 
2-30 

72     22-22 

1-11 

85 

29-44 

2-40 

From  the  specific  gravity  so  found,  the  quantity  of  solid 
matters  present  in  the  urine  is  calculated  with  the  aid  of  a 
formula,  which  must  be  ascertained  from  the  results  of  the 
more  accurate  methods  we  have  described.  Among  the  many 
formula  so  given  two  only  appear  to  me  sufficiently  well 
proved  to  advise  their  adoption  in  practice.  The  first  and 
most  convenient  formula  is  that  of  TVapp  : 

^  difference  between  1000  and  specific  grarity  of  urine. 
'  Dr.  G.  Bird,  loc.  cil..  p.  46. 
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Formula  :  cf  x  2  =  ^  (total  of  solids  in  1000  parts) ;  or 
Rule :  To  find  the  amount  of  solids  in  any  given  bulk 
of  urine,  double  the  last  two  figures  of  the  number  expressing 
the  specific  gravity  :  the  product  shows  the  number  of  parts 
of  solids  contained  in  any  thousand  parts  of  urine.  This 
formula  seems  to  be  particularly  applicable  to  urine  of  a  low 
specific  gravity',  from  1000  to  1018,  being  the  range  of  the 
first  gravimeter. 

The  second  formula,  which  is  best  suited  for  urine  of 
a  higher  specific  gravity,  from  1018  to  1038,  the  range  of  the 
second  gravimeter,  is  that  of  Dr.  Christison.^  Itisidx  2*33 
=  X,  It  is  the  same  as  that  adopted  by  Dr.  Day'  and  Dr. 
Hseser,  and  means,  in  other  words :  multiply  the  last  two 
figures  of  the  number  expressing  the  specific  gravity  by  2*33, 
and  the  result  is  the  total  of  parts  of  solids  in  any  1000 
parts  of  urine.  The  results  of  the  calculations  with  this  for- 
mula are  embodied  in  the  following  table : 


SoUdi 

SoUdi 

Solids 

Sp.  gr. 
1018 

in  1000  puis. 

8p.gr. 

inlOOOparU. 

8p.gr. 

in  1000  putt. 

41-94 

1026 

60-58 

1034 

79-22 

1019 

44-27 

1027 

62-91 

1035 

81-55 

1020 

46-60 

1028 

65-24 

1036 

83-88 

1021 

48-93 

1029 

67-57 

1037 

86-21 

1022 

51-26 

1030 

69-90 

1038 

88-54 

1023 

53-59 

1031 

7223 

1039 

9087 

1024 

55-92 

1032 

74-56 

1040 

93-20 

1025 

58-25 

1033 

76-89 

Having  in  this  way  found  the  number  of  parts  of  solids  in 
any  thousand  parts,  grains  or  grammes  of  urine,  we  may 
easily  calculate  the  whole  amount  of  solids  secreted  with  the 
urine  in  twenty-four  hours,  if  we  have  ascertained  the  quan- 
tity so  secreted.  And  as  it  is  necessary  to  know  the  weight 
of  the  whole  bulk  of  urine  for  finding  the  weight  of  the  total 
of  solids  contained  in  it,  the  weight  is  first  ascertained  from 
the  specific  gravity,  by  multiplying  the  figure  expressive  of 
the  bulk  by  the  figure  expressive  of  the  specific  gravity.  By 
the  specific  gravity,  therefore,  we  may  obtain  two  kinds  of 
information  :  1,  the  weight  of  a  given  bulk  of  urine;  2,  the 
amount  of  solidis  contained  in  urine. 

»  Vogel,  loc.  cit.,  p.  229. 

«  'Library  of  Practical  Medicine/  London,  1840,  vol.  iv,  p.  248. 

'  'The  Lancet,'  1844, p.  370. 
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Ex.  A  patient  passed  in  twenty-four  hours  two  and 
a  half  pints,  or  1250  grammea,  of  urine  of  the  specific 
gravity  1020.  1000  grains  (or  grammes)  of  this  urine  hold 
dissolved  4^6  grains  (grammes)  of  solids,  and  a  pint  will 
weigh  8925  grains :  then 


0™m 

Gnim. 

46-6 

:     8925  X  2-5 

X    (total    amount 

2-5 

of  solids) . 

44C25 

17850 

22312-5 
■tG-6 
13  387  5  0 
133  8-r.  0 
892  500 
1,Q00|  1039,762-50  I  =  1039^0%  =  103976  grains. 


1000  grammes  ;   466  gr.   :  ;    1250  gr,  ;   x 
46-6 
7500 
7500 
5000 
1,000|5825,0-H|  =  58-25  gram.  =  x. 

Ex.  A  patient  passed  ou  the  average  60  c.c.  of  urine 
per  hour,  of  the  specific  gravity  1012.  1000  parts  of  this 
urine  hold  dissolved  24  par^  of  solids.  What  is  the 
amount  of  solids  in  60  c.c.  ? 

1000  :  24  =  60  :  x 


240 
120 
lOOOJ  U40 1  =  1-44  grammes. 

This  is  the  place  to  state  that  in  calculating  the  solids  fi^m 
the  specific  gravity,  we  are  liable  to  commit  an  error  amount- 
ing to  one  tenth  or  one  seventh  of  the  solids  actually 
contained  in  average  healthy  urine ;  and  the  error  may  be 
either  above  or  below  the  amount  actually  contained.  In 
concentrated  urines  and  the  urine  of  disease,  however,  the 
diifercnce  between  the  calculation  from  the  specific  gravity 
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niid  the  real  quantity  may  amount  to  one  fifth,  or  even  one 
fourth  (Vogcl),  of  the  solids  actually  contained.  It  is  there- 
fore possible  to  find  30  or  50  parts  of  solidx  iu  a  niimhcr  of 
parts  of  urine  which  positively  only  contwn  40.  This  is  the 
worst  case ;  but  it  shows  that  to  slight  fluctuations  iu  the 
specific  gravity,  and  the  amount  of  solids  calculated  there- 
from, we  can  in  practice  accord  no  importance.  If  we  find, 
for  example,  that  an  individual  discharges  on  an  average  55 
grammes  of  solids  per  twenty-four  hours  iu  his  urine,  a  rise 
to  60  grammes,  or  a  fall  to  50  grammes,  per  twenty-four 
hours,  cannot  be  considered  abnormal,  because  it  may  be  that 
the  difference  is  only  due  to  the  error  of  calculation  to  which 
the  method  is  subject ;  and  the  individual  may  actually  have 
discharged  his  55  grammes,  or  any  number  of  grammes  be- 
tween the  50  and  60.  K  we  find,  however,  from  the  specific 
gravity,  that  a  person  who  on  the  average  discharged  60 
grammes  per  twenty-four  hours,  discharges  only  30  grammes, 
we  arc  perfectly  justified  in  drawing  the  conclusion  that  this 
person  voids  a  much  smaller  amount  of  solids  iu  the  urine 
than  he  did  before ;  and  though  we  camiot  positively  say 
whether  he  actually  discharges  30,  or  'i5,  or  35  grammes,  yet 
SO,  25,  or  35  are  so  greatly  different  from  50,  55,  or  60 
grammes,  that  tlic  diminution  cannot  be  due  to  the  faults  of 
the  method,  and  may  with  propriety  he  used  as  eWdcnce 
for  the  diagnosis,  or  as  an  indication  for  the  treatment  of  the 
case. 

This  uncertainty  in  the  results  obtained  by  the  gravi- 
raetrical  method  is  most  likely  partly  the  consequence  of  the 
fact  that  the  various  constituents  of  the  solid  residue  of  the 
urine  do  not  always  stand  in  the  same  proportion  to  each 
other.  There  is  also  the  error  to  which  the  calculation  of 
the  temperature  makes  us  liable ;  further,  the  error  arising 
from  the  different  densities  of  the  difl'ercnt  strata  of  fluid,  as 
already  stated ;  further,  the  difficulty  of  making  the  scale  of 
the  gravimcter  sufficiently  long  to  allow  of  an  accurate  read- 
ing of  the  level  of  the  urine,  which  may  assume  different 
cur>'es  as  the  different  densities  of  the  urine  determine  a 
greater  or  less  adhesion  to  the  sides  of  the  vessel  and  to  the 
stem  of  the  grarimcter.  What  with  having  to  employ  two 
gravimeters,  to  com])ensate  and  calcidate  for  temperature, 
and  density  from  depth,  and  being  after  all  subject  to  inac- 
curate reading  and  the  varying  proportions  of  the  solids  in 
urine — errors  which  in  the  aggregate  amount  to  a  difference 
&om  reality  of  from  one  tenth  to  one  fourth,^!  must  say, 
that  I  think  the  troulde  of  the  methods  with  the  balance  and 
air-pump  nearly  equalled,  aud  yet  the  result  of  a  hundred 
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gravimetrical   analyses  is  ecientifically  and   practically  not 
worth  one  accurate  analysis. 

The  reader  is  now  in  possession  of  the  facts  which  will 
enable  him  to  attribute  its  proper  value  to  the  gravimetrical 
method  of  determining  the  amount  of  solids  in  the  urine. 
The  following  observations  are  recorded  in  tabular  order  as 
being  the  best  of  their  class ; 


According  to  the  older  estimates,  the  kidneys  seemed  to 
excrete  from  fiOO  to  700  grains  of  solids  in  twenty-four  hours 
(mean  650,  Dr.  G.  Bird),  However,  all  the  late  authors 
coincide  in  making  1020  the  average  specific  grarity  of  urine, 
and  if  of  this  urine  from  1 100  to  1600  grammes  (i9  to  56 
fl.  02.)  arc  discharged  during  twenty-four  hours,  the  gravi- 
metrical method  gives  a  mean  amount  of  solids  of  from  55  to 
6G  grammes,  or  850  to  1020  grains  for  tweuty-four  hours. 

100  kilogrammes  of  individual  discharge  on  an  average 
4'1  grammes  of  solids  per  hour,  100  centimetres  discharge 
1'5  grammes  (Vogcl). 

For  the  generality  of  diseases  the  grai-imetry  of  urine  gives 
very  meagre  results  as  yet,  but  there  can  be  no  doubt  in  the 
abstract  that  an  accurate  knowledge  of  the  nhole  amount  of 
solids  would  be  of  high  practical  value  in  every  case  of  ill- 
ness. The  amount  of  noiirishment  acquired  from  ingested 
food,  the  intensity  of  the  destruction  of  matter  serving  the 
purposes  of  life,  as  found  by  the  comparison  of  times  and 
quantities,  the  activity  of  the  secreting  organs  themselves — 
all  these  factors  are  summed  up  in  the  total  quantity  of  solids 
contained  in  the  urine.     It  is  natural  then  that  in  disease 
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generally,  where  little  solid  food  i»  btiny  taken,  the  amotmi  of 
mlids  sinks  from  the  daily  GO  to  50  and  10  grammes  {fvOO  fcraina) , 
and  even  then  is  made  up  less  of  the  produce  of  the  destmc- 
tion  of  fresh  nourishment  in  the  blood  and  muscles  than  of 
disinteg^ted  tissues  and  their  interstitial  juices;  in  other 
words,  is  formed  mostly  at  the  expense  of  the  body,  as  is 
entirely  the  case  in  simple  inanition.  A  patient  lites  on  his 
own  fat  partly  during  hia  illness,  as  the  proverb  says,  like  a 
badger  during  the  winter.  The  consetiuenees  are  clear — 
emaciation. 

1  have  now  spoken  of  disease  generally ;  and  the  remarks 
made  of  course  apply  to  the  two  great  classes  of  disease, 
acute  and  chronic,  with  equal  force.  But  the  fluctuations 
in  the  amount  of  solids  occurring  in  botli  are  of  a  very  dif- 
ferent prognostic  value ;  for  in  chronic  disease,  with  a  limited 
amount  of  solids,  a  rise  in  their  amount  is,  as  a  general  rule, 
a  forerunner  of  considerable  and  mostly  lasting  improvement, 
and  indicates  that  the  chemistry  of  the  body  is  actively 
employed  in  renewing  the  material  of  the  organs  and  recti- 
fying their  functions.  To  this  rule  diabetes  mellitus  alone 
forma  an  eiccption,  where  a  rise  in  the  amount  of  solids 
indicates  an  exacerbation  of  the  disease ;  and,  in  this  respect, 
diabetes  forms  the  transition  from  chronic  to  acute  disease, 
in  which,  on  the  whole,  a  rise  in  the  amount  of  solids  in  the 
urine  during  the  acme  is  an  unfavorable  symptom,  indicating 
an  excessive  disintegration  of  the  tissues  and  juices  of  the 
body,  which  must  necessarily  lead  to  exhaustion  of  the  ma- 
terial substrata  of  life.  Under  all  circumstances,  a  constant 
and  gradual  decrease  of  the  amount  of  solids  is  as  unfa- 
vorable a  symptom  as  the  decrease  of  the  total  quantity  of 
urine  discharged,  because  it  indicates  the  decay  of  life,  and 
a  probable  fatal  termination  of  the  ease. 

The  indications  of  the  solids  become  more  varied  as  soon 
as  they  are  considered  with  relation  to  the  amount  of  other 
excreta.  First,  as  regards  the  amount  of  water  by  which 
they  are  accompanied  in  the  urine,  four  distinct  classes  of 
cases  must  be  liome  in  mind.  If  a  very  small  amount  of 
solids  is  contained  in  a  similar  amount  of  water,  we  may 
conclude  upon  a  corresponding  amount  of  aneemia  in  the 
individual,  always  provided  that  disease  of  the  kidney  be  not 
present.  In  the  latter  ease,  a  small  amount  of  solids  indi- 
cates the  retention  of  urea,  which  may  probably  end  in 
unemia. 

If  a  small  amount  of  solids  is  contained  in  a  larger  or 
large  amount  of  water,  it  may  possibly  be  the  consequence 
of  excess  of  drink  of  some  kind.     Many  oases  of  hysteria, 
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of  ana:mi»  with  hysterical  BymptoniB,  are  accompfuiied  by 
this  description  of  urine.  It  is  tlie  eswutial  symptom  of  a 
decided  improvement  in  many  caaes  of  hydrfemia  and  dropsy, 
and  when  it  occurs  in  a  patient  with  no  particular  cause  to 
aecoimt  for  it,  it  has  properly  been  termed  hydruria.  Of  this 
disease  Professor  Vogel  observed  a  very  decided,  and  therefore 
illustrative  case.  A  man,  thirty-five  years  of  age,  of  a  power- 
ful frame,  and  suffering  from  rheumatism  of  the  neck,  dis- 
charged a  quantity  of  urine,  amounting  to2983  c.c.  (104  (i.  oz.) 
per  day  in  the  mean  of  twenty-four  days.  But  its  specific 
gravity  was  very  low,  varying  between  1005  and  1012; 
and  the  average  quantity  of  solids  discharged  per  day 
accordingly  only  amounted  to  43  grammes  ((i3()  grains). 
This  case  was  therefore  clearly  one  of  hydruria.  The  patient 
did  not  seem  to  suffer  under  this  excessive  discharge 
of  fluid. 

When  the  amount  of  solids  becomes  larger,  but  still  re- 
mains below  the  standard  uf  health,  and  the  amount  of  water 
is  at  the  same  time  diminiahed^in  other  words,  in  diseases 
with  a  small  amount  of  urine  of  high  specific  gravity— the 
acutencss  of  the  pathological  process  is  clearly  indicated. 
Beginning  with  the  physiological  excessive  perspiration,  there 
arc  many  pathological  conditions,  aa  the  sweat  of  fever,  thirst, 
starvation,  diarrhcea,  and  fever  of  essential  or  symptomatic 
nature,  of  which  this  condition  of  urine  is  a  regular  symp- 
tom. 

!n  the  fourth  elaas  of  eases,  both  the  solids  and  the  water 
of  the  urine  are  present  in  excess.  They  form  a  special  and 
specific  class  of  diseases,  to  which  tlie  generic  name  of 
diabetes  has  been  given.  The  genus  has,  however,  only  two 
species,  of  which  the  one  is  distinguished  by  the  presence  in 
the  urine  of  sugar,  and  therefore  goes  by  the  name  of  diabetes 
mellitus ;  the  other  suhdiviaion  comprises  cases  where,  in  a 
large  amount  of  water,  the  increased  amount  of  solids  is 
made  up  of  other  solids  than  sugar,  termed  diabetes  insipidus. 
In  both  classes  of  diabetes,  the  wear  of  the  body  is  con- 
siderable, and  either  at  intcr\-als,  or  throughout  the  course 
of  the  disorder,  surpasses  the  amount  of  nutriment  taken  in. 
Diabetes  mellitus,  from  its  chemical  interest,  and  the  facility 
with  which  it  may  be  artificially  produced  in  animals,  has 
been  favoured  with  more  attention  of  late  than  diabetes  in- 
sipidus, a  disease  with  which  perhaps  many  difficidt  cases  of 
hysterical  ansemiaandintr  actable  ailments  will  have  to  beclassed 
hereafter.  If  the  total  quantity  of  urine  amounts  to  more  than 
3000  c.c.  (105  fl.  oz.)  per  day,  and  if  the  specific  gravity 
shows  an  excessive  amount  of  solids,  ranging  from  the  normal 
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60  grammes  (920  grains)  up  to  130  grammes  (2006  grains), 
or  even  more,  giving  on  an  average  about  80  grammes 
(123i  grains)  per  day,  we  may  then  with  perfect  safety 
ascribe  the  excessive  destruction  of  the  constituents  of  the 
body  to  this  excesssivc  Becretion,  and  place  to  its  account  a 
number  of  sj'mptoma  usually  following  in  its  train,  such  as 
the  pale  looks  and  t)ie  headache  of  anemia,  vertigo,  the 
tenderness  of  certain  dorsal  vertebne  on  pressure,  aud  spasms 
in  the  muscles  of  the  neck,  such  as  were  observed  by  Vogel 
in  a  marked  case  of  tliis  description. 

We  have  now  considered  iu  its  bearings  the  observation  of 
the  amount  of  solids  iu  relation  to  the  water  in  which  they 
are  contained ;  it  only  remains  to  draw  attention  to  the 
important  conclusiona  to  be  derived  from  comparing  the 
amount  of  solids  secreted  by  the  kidneys  with  the  excreta  of 
the  skin,  lungs,  and  bowels.  In  many  cases  of  dropsy,  the 
bowels  will  spontaneously  compensate  partly  for  a  diminished 
discharge  of  urine ;  and  it  is,  in  fact,  by  this  vicarious  dis- 
charge that  drastic  purgatives  are  of  senice  in  disease  of  the 
kidneys.  The  skin  will  eliminate  urea  in  cholera  in  such 
quantities  that  it  may  be  collected  by  washing  and  crystalli- 
zation, and  its  amount  may  even  be  determined.  The  lungs 
will,  perhaps,  in  many  cases  take  on  increased  action,  and 
discharge,  not  only  water,  but  also  carbonic  acid,  to  compen- 
sate for  a  diminished  secretion  by  the  kidneys  and  skin.  A 
diminution  in  the  amount  of  solids  in  the  urine  requires 
therefore  to  be  checked  by  the  amount  of  vicarious  dis- 
charges. And  should  we  be  able  to  detennine  at  the  same 
time  the  amount  of  the  ingested  nutritive  matters,  we  should 
at  once  be  in  a  position  to  balance  the  income  and  expendi- 
ture of  the  body,  and  thereby  not  only  to  foresee  the  pro- 
bable result,  but  also  to  be  in  possession  of  the  indication 
for  part  of  our  treatment.  But  in  this  direction  so  much 
remains  to  be  ascertained  by  fact,  that  it  would  be  dangerous 
to  the  practical  tendency  of  these  pages  to  mix  up  prospec- 
tive speculation  with  the  real  advantt^es  to  be  derived  from 
observation  of  the  amount  of  solids  discharged  in  the  urine. 
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The  best  phvBiological  definition  of  urea  is  perhaps  tbe 
following :  Urea  ia  the  principal  product  of  the  metamor- 
phoaia  in  tbe  body  of  nitrogemzed  food.  It  is  essentially 
excretory  matter,  incapable  of  any  longer  aerving  tbe  purposes 
of  life,  because  it  cannot  be  more  highly  oxydized;  and 
when  retained  becomes  a  poison  to  tbe  syatem,'  both  directly, 
and,  perhaps,  by  the  products  of  its  decomposition.  Its 
regular  occurrence  in  healthy  blood,  and  in  the  juice  of  flesh 
of  animals  and  man,  has  established  the  opinion  that  it  is 
formed  in  the  tissues  (muscles),  and  carried  by  the  blood  to 
the  kidneys  to  be  discharged.  Hence,  when  the  action  of 
the  kidneys  is  partially  or  totally  suspended,  urea  naturally 
accumulates  in  the  blood,  and  aceompanica  the  serum  eflijsed 
into  the  cellular  tissue  and  the  cavities  of  the  body.^  In  this 
way  its  occurrence  in  the  dropsical  fluid  of  Bright's  disease, 
as  first  discovered  by  Rayer  and  Gnihourt,'  and  confirmed  by 
subsequent  observers,*  and  in  the  blood  of  animals  after  ex- 
tirpation of  the  kidneys  (Prevost  and  Dumas),  is  satisfac- 
tonly  explained.  In  cholera  the  condition  of  the  blood  forma 
the  obstacle  to  the  excretion  of  urine,  and  in  consequence 
urea  is  found  in  the  blood,'  and  in  the  Wscid  perspiration 
of  the  skin.  Urea  has  been  discovered  in  the  vitreous 
and  aqueous  humours  of  the  eye.*     It  has  been  found  in  the 

'  Gslloii,  '  Etsai  phyiiologique  aur  I'Urcc  el  \ea  Urates.'  Thei«  otteite 
a  la  Soc  il.  Phano.  '  Journ.  de  Phirm.  et  de  Chim.,'  3me  %er.,  tome  tuii, 
p.  64.     '  De  raclioD  unique  de  I'Ur^.' 

'  3.  Piord,  '  De  U  presence  de  1'Ur^e  dim  lesang.  et  de  u  difTiuioi)  duu 
I'Drganume.'    'These.  Sinulioarg,'  1^56,  Canititt'i  Jabreiber..  p.  1G9. 

>  Deiire.  ■  Gtt.  MM.  de  Parii,'  1B36.  Juill. 

*  Mirchind,  MuUer'i  •  Archiv.'  1837.  p.  HO. 

'  Marchand,  Erdmann'i '  Joumal,'  1837.  li,  p.  449. 
Hillon.  ■  Compt.  Rend.,'  un,  p.  111. 
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liquor  amnii  by  Wiililer,'  but  is  certainly  present  in  excep- 
tional cases  only,  as  I  have  shown  in  au  essay  to  which  the 
Faculty  of  Medicine  of  the  University  of  Heidelberg  awarded 
a  prize  medal. 

I  mnst  not  overlook  some  observations  said  to  be  made  of 
the  occurrence  of  urea  in  milk,  in  Ijlister- serum,  in  the  per- 
spiration of  persona  with  diseased  kidneys,  and  in  the  copious 
evacuations  from  the  intestines  of  such  patients,  produced  by 
the  action  of  elaterium. 

If  we  had  been  favoured  by  the  authors  of  these  statements 
with  the  particulars  of  the  process  adopted  for  obtaining  the 
urea,  and  of  the  proofs  that  the  substances  obtained  were 
really  urea  and  nothing  else,  there  would  be  no  ditficulty 
either  in  admitting  these  observations,  or  rejecting  tbem  uimn 
the  basis  of  analytical  criticism.  But  at  present  they  are 
mere  assertions,  the  correctness  of  which  can  in  no  way  be 
controlled.  The  greatest  chemists  do  not  allow  themselves  to 
throw  assertions  upon  their  readers,  without  gi^'ing  the  whole 
of  their  analytical  proofs.  The  more  we  must  demand  similar 
and  even  more  stringent  proofs  of  men,  who,  whatever  tUeir 
professional  standing,  must  acknowledge  themselves  more 
liable  to  error  than  a  Berzelius,  a  Graham,  or  a  Liebig.  One 
fact  will  show  the  necessity  of  this  caution.  It  goes  the 
round  through  all  the  handbooks  and  encyclopcedias  of  all 
nations,  that  Marchand  found  urea  iuthe  blood  of  the  cow  or 
calf.  The  indiscriminate  authors  do  not  inquire  how  he  found 
it.  On  referring  to  the  original  article,^  or  Gmeliu's '  Iland- 
buch,'  we  find  that  Marchand  concluded  upon  the  presence 
of  urea  from  the  crystallization  in  octahedra  of  the  chloride 
of  sodium.  We  now  know  that  that  occurrence  by  no  means 
justifies  us  in  the  assumption  even  of  the  merest  trace  of 
urea,  and,  consequently,  the  assertion  that  Marchand  found 
urea  in  the  blood  of  the  calf  is  devoid  of  foundation.  We 
could  not  have  corrected  this  error,  had  Marchand  been 
credited  with  his  statement  upon  the  mere  value  of  his  name 
as  a  chemist. 

//ts/ory.— Urea,  in  an  impure  state,  was  first  obtained  from 
urine  in  1773,  by  Rouelle,  jun.,  who  called  it  exlractum 
aapovacL-um  urime.  It  was  first  obtained  pure  by  Fourcroy 
and  Vauquelin  in  1799,  Its  chemical  composition  waa 
doubtful,  even  after  its  decomposition  to  ammonia  and  cyanic 
acid  had  been  proved.  In  consequence  of  this  discovery,  a 
auccessfiil  attempt  was  made  by  Liebig  to  produce  urea 
artificially ;  and  we  are  now  in  possession  of  several  methods 


whereby  it  may  be  produced  in  any  quantity,  and  more  pure 
than  it  can  be  obtained  from  urine,  without  much  difficulty. 

As  pure  urea  is  a  necessary  instrument  for  preparing  the 
tCBt-fiuids  by  which  the  chlorides  and  urea  of  the  urine  are 
determined  quantitatirely,  it  may  he  of  use  to  the  reader  to 
have  the  mode  of  artificially  making  urea  described  in  this 
place. 

Mix  intimately  28parts  of  dryferrocyaiiide  of  potassium  with 
1  +  parts  of  manganese,  and  heat  on  an  iron  sheet  plate  over 
an  open  fire,  until  the  mixture  ignitea  and  is  slowly  burned 
through.  Extract  tlie  blackish- gray  mass  which  remains 
with  cold  water ;  add  to  the  filtei-ed  liquid  2(H  parts  of  dry 
Bidpliate  of  ammonia;  let  it  stand,  in  order  that  the  sulphate 
of  soda  may  crystallize ;  separate  the  crystals  from  the  solu- 
tion containing  lu^a;  evaporate  the  latter  to  dryness,  and 
extract  with  alcohol,  which  leaves  the  rest  of  the  sulphates 
undissolved,  and,  on  evaporation,  gives  perfectly  pure  and 
white  urea. 

Two  new  methods  for  the  artificia]  preparation  of  urea,  by 
Natanson  and  Rcgnaidt,  have  been  described.' 

Urea  is  formed  by  evaporating  a  mixture  of  cyanic  acid 
and  ammonia  (H3N+H0  +  C,N0)  =  (CjHjN.Pj).  It  is  a 
product  of  the  decomposition,  by  oxydizing  agents,  such  as 
peroxide  of  lead,  of  unc  acid ;  and,  by  another  process,  of 
creatine ;  and  the  regularity  with  which  this  transformation 
is  effected  has  established  the  opinion  that  urea  is  contained 
in  uric  acid,  as  it  were,  in  a  preformed  condition,  or  that  uric 
acid  is  ouly  a  preparatory  state  of  urea. 

Physical  proper lieg. — Of  the  physical  properties  of  urea,  its 
fonn  of  crystallixation  deser\es  our  attention  for  a  raomcnt. 
The  crystals  ofartificial  urea,  or  of  urea  obtained  firom  urine  by 
the  process  of  purification  to  be  described,  are  known  well 
enough  as  white  silky  needles,  or  white  transparent  prisms, 
square  on  section,  striated,  and  of  a  silky  lustre.  One  or  two 
inclined  planes  form  the  ends  of  the  prisms.''  Much  more  per- 
fect crystals,  however,  than  are  obtained  by  any  of  these  modes, 
are  occasionally  produced  l)y  the  simple  spontaneous  evapora- 
tion of  a  drop  of  urine  on  an  object-glass. 

The  urine  of  fever-patients,  which  has  a  high  specific 
gravity,  and  contains  a  very  small  proportion  of  inorganic 
salts,  is  very  suitable  for  this  experiment.  The  rapid  forma- 
tion of  the  prisms  and  their  combinations,  and  their  solubility 
in  water,  glycerine,  and  preserving  solutions,  ensures  the 

■  •  The  Lincct.'  Jul^  26,  18S6.  p.  Mi. 

>  Vide  Dr.  L.  Qeil«,  ■  Tlic  MicTDi.  in  Clin.  Med.,' p.  S64,  fig.  21S.  Fuakc. 
■Allud.  phvi.  Cliemic.'  laf,  ii.  Eg.  t.     See  ulin  PUte  I.  fig.  1. 
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diagnosis.     They  polarise  with  a  weak  hlue  colour, ' 
much  like  the  glare  of  the  sea  iii  nioonliglit, 

Urea  crystallizes  in  quadratic  priBins,  from  a  solution  in 
water  with  a  rectangular  terminal  plane,  from  a  solution  in 
alcohol  with  octahedral  planes.  The  long  four-sided  prism 
becomes  six-sided  when  two  of  its  diagonal  edges  are 
replaced  by  two  vertical  planes  of  a  secondary  prism,  and 
eight-sided  when  the  other  two  edges  are  also  replaced  by 
the  secondary  prism.  These  relations  must  be  borne  in  mind 
when  examining  crj'stallizing  solutions  under  the  microscope 
with  a  view  to  diagnose  urea.  On  the  object-glass,  one  of 
the  planes,  by  coming  in  contact  with  the  surface,  is  pre- 
eminently large,  and  its  two  a^ljoining  planes  are  very  much 
narrower,  thus  showing  that  the  crystal  was  prevented  from 
growing  in  the  direction  of  the  glass,  A  secondary  jtlane 
may  in  this  way  become  larger  than  its  diagonal  one,  and  one 
or  more  primary  planes  may  be  prevented  from  obtaining  the 
size  of  their  correlatives. 

Urcais  colourless,  of  a  bitterish,  cooling  taste,  like  saltpetre, 
which  has  been  mentioned  as  being  in  part  the  taste  of  urine. 
When  dry,  it  is  not  changed  by  exposure  to  the  air,  and  then 
attracts  very  little  moisture.  A  pure  solution  in  water,  even 
when  dilute,  does  not  undergo  any  spontaneous  chemical 
change.  It  has  no  reaction  on  vegetable  pigments.  It  is 
soluble  in  its  own  weight  of  water  of  15°  C,  in  five  parts  of 
alcohol,  of  081G  specific  grarity,  at  the  ordinary  temperature 
of  the  air,  and  in  its  own  weight  of  Imiling  alcohol.  It  is 
almost  insoluble  in  ether,  and  quite  insoluble  in  oil  of  turpen- 
tine. 

Decompositions. — Urea  may  be  decomposed  by  the  influence 
of  heat,  acids,  alkalies,  salts,  putrid  animal  matter,  and  yeeat. 
When  exposed  to  a  temperature  of  120°  C,  {2~iS°  ¥.)  it  fiises, 
but  the  temperature  beijig  raised  a  few  degrees,  ammonia  and 
carbonate  of  ammonia  are  evolved,  leaving  ammeliue,  an 
amorphous  white  matter,  then  cyanate  of  ammonia,  cyanuric 
acid  and  its  derivatives,  until  at  last  the  residue  chars,  and 
on  raising  the  temperature  to  red  heat,  bums  without  leaving 
any  residue. 

Nitrous  acid,  and  nitric  acid  coloured  red  by  the  presence 
of  the  former,  decompose  urea  into  carbonic  acid,  nitrogen, 
and  water. 

C;iH^NA+2N0a  =  2COj-i-4N-(-4HO, 
The  same  decomposition  is  produced  by  a  solution  in  nitric 
acid  of  the  nitride  of  the  suboxyde  of  mercury.     This  decom- 
position is  employed  in  the  quantitative  analysis  of  Millon. 
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Ifrea,  when  fused  with  potash,  or  treated  with  concentrated 
Bulphiiric  acid,  is  transformed  into  carbonic  acid  and  ammonia. 

C.H,NsOa+2IIO  =  2COj+2NHa. 
The  quantitative  anatysis  of  Heintz  and  of  Ragsky  is  based 
upon  this  influence  of  sulphuric  acid  upon  urea. 

Tlie  same  decomposition  of  urea  may  be  produced  by  the 
influence  of  heat  in  the  presence  of  water.  A  solution  of  urea, 
when  enclosed  in  a  glass  tube,  by  the  assistance  of  the  blow- 
pipe, and  kept  for  several  hours  in  an  oil  bath  or  well-regulated 
air  bath,  at  a  temperature  of  140°  C.  (288°  F.),  irill  decom- 
pose in  this  manner;  and  if  a  suiEcient  amount  of  hydrate  of 
baryta  be  present  in  the  tube,  the  decomposition  at  a  tempe- 
rature of  from  210°  C.  (410=  F.)  f«  240°  C.  (408°  P.)  will  be 
accelerated  hy  the  alkali,  and  the  carbonic  acid  evolved  will 
be  immediately  fixed  by  the  baryta.  From  the  quantity  of 
carbonate  of  baryta  so  produced,  we  may  ascertain  the  quan- 
tity of  tirea  present  in  the  fluid  before  the  experiment.  This 
is  the  process  employed  in  the  method  of  Bunscn. 

The  decomposition  of  urea  into  carlxmic  acid  aud  ammonia 
is  further  the  result  of  true  fcrmentationj  induced  by  ferments, 
such  as  yeast,  or  decomposing  mucus  of  the  urinary  bladder 
(vide  alkaline  urine,  p.  11),  or  any  other  putrefying  animal 
matter,  such  as  albumen. 

A  solution  of  urea,  when  heated  with  caustic  Hme,  or 
magnesia,  to  a  temperature  of  above  50°  C.  (122°  F.),  will 
evolve  ammonia.  Below  50°  C.  (122°  F.),lime  and  magnesia 
exert  no  influence  upon  urea  in  solution,  and  may  therefore 
be  employed  with  safety  for  the  quantitative  analysis  of 
ammonia  in  urine. 

A  solution  of  urea,  when  mixed  with  liquor  sodte  chlorinaUe, 
evolves  the  whole  of  the  urea  in  the  form  of  nitrogen,  car- 
bonic acid,  and  water.  As  the  carbonic  aeid  is  immediately 
absorbed,  nitrogen  only  is  left,  the  bulk  of  which,  on  measuring, 
is  a  ready  means  of  determining  the  amount  of  urea  of  which 
it  was  a  part.  {Method  of  E.  W.  Davey.) 

A  mixture  of  urea  and  nitrate  of  silver  in  solution  is  on 

evaporation  transformed  into  nitrate  of  ammoniaandcrystallinc 

cyanate  of  silver.   This  experiment  is  the  reverse  of  the  process 

by  which  urea  is  produced  artificially.     Its  formula  is  thus : 

CjH,N,0,  +  Ago,  NOs,=  NHp,  NO.  -|-  AgO,  CyO. 

Combinations  of  Urea. 

Urea  enters  into  combination  with  several  bases,  acids, 
and  salts.  Of  these  compounds,  those  are  of  great  impor- 
tance   which,    by    being    insoluble  in    water   and    watery 


solutions,   enable  us   to  transfonn    dissolved  urea    into 
precipitate,  and  thereby  determine  its  quantity. 

\nd  protoxyde  of  mercury.^ — a.   JVil/t  two  equivalentt 


Urea  a 


of  protoxyde  of  vierairy.  U  +  2HgO. — On  adding  to  a  warm 
solution  of  urea,  oxydc  of  mercury  diffused  in  water,  we 
observe  the  first  portions  of  the  oxyde  to  be  perfectly  dis- 
solved ;  an  excess  of  the  oxyde  of  mercury  is  in  the  fluid 
gradually  changed  into  a  white  or  yellowish -white  powder ; 
the  filtrate  from  the  latter,after  the  el  apse  of  twenty -four  hourw, 
deposits  thin  hard  crusts  on  the  walls  of  the  vessel.  These 
crusts  and  the  powder  have  the  above  composition.  The 
preparation  frequently  contains  some  cyanate  of  mercury, 

b.  ffith  three  eqvivalenU  of  protoxyde  of  mercury.  U 
+  3HgO. — On  adding  to  a  solution  of  urea,  caustic  potash, 
and  then  a  solution  of  bicliloride  of  mercury,  with  a  re- 
newed addition  of  potash  ley,  so  that  the  fluid  is  always  kept 
alkaline,  a  thick,  gelatinous,  snowy-white  precipitate  is  ob- 
tained, which,  when  perfectly  washed  out  and  in  its 
moist  condition  transferred  into  boiling  water,  transforms 
into  a  sandy  or  granular  powder  of  a  yellow  or  yellowish- 
wliite  colour.  After  drying  the  powder  is  reddish-yellow. 
When  heated  while  moist  it  frequently  explodes,  with  evolu- 
tion of  light,  water,  carbonate  of  ammonia,  and  metallic 
mercury.  The  powder  is  soluble  without  effervescence  in 
hydrocyanic  and  hydrochloric  acid;  in  the  latter  solution 
alkalies  produce  a  whitish-yellow  precipitate. 

c.  nith  four  equivalents  of  protoxyde  of  mercury,  \J  + 
4  ilgO, — If,  instead  of  a  solution  of  bichloride  of  mercury,  a 
Botutiou  of  nitrate  of  protoxyde  of  mercury  is  precipitated  by 
an  alkaline  solution  of  urea,  a  wlute  and  less  voluminous 
precipitate  is  obtained,  which  in  boiling  water  shrinks  to  a 
sandy  powder. 

Urea  and  chloride  of  sodium.  U-t-NaCl-)-2H0.— This 
salt  crystallizes  in  elino-rhombic  prisms  of  great  lustre,  when 
a  mixture  of  solutions  of  urea  and  chloride  of  sodium  is  eva- 
porated. The  same  salt  is  obtained  in  large  coloured 
crystals  on  evaporation  of  human  urine.  (Strecker.) 

Urea  and  nitric  acid.  U  -*-  NOj.^If  wc  mix  a  concentrated 
solution  of  urea,  or  urine  concentrated  by  evaporation,  with 
an  excess  of  colourless  nitric  acid,  the  mixture  will  imme- 
diately cry8talli;<e  into  an  almost  solid  mass  of  white  shining 
scales  or  plates  (yellow  from  urine)  of  nitrate  of  urea.  Tliis 
1  Liebig,  ■  Ann.  it.  Chem.  und  Pbsrn).,'  Ui:i,  p.  ISlii  li>\i,  p.  128 ;  Ixiiii, 
p.  235;  lxi»v.  p.  189- 
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crystallization  may  lie  completed  or  accelerated  by  eTiposing 
the  misturo  to  the  inBuence  of  cold — by  putting  it  into  ice 
or  a  freezing  mixture. 

Nitrate  of  urea  crystallizes  in  the  rhombic  system.  If  a 
pure  crystallization  be  obtained,  the  rhombic  prisma  may  be 
seen  to  perfection.  Ncubaucr'  says  that  on  letting  pure 
nitric  acid  combine  with  urea  under  the  microscoiw,  flat 
rhombic  octahedra  are  formed  at  first,  which,  by  apposition 
of  crystalline  matter,  become  converted  into  rhombic  plates. 
This  metamorphosis,  however,  most  improbable  in  itself 
for  crystallographical  reasons,  has  not  been  observed  by  me, 
or  by  any  other  writer  on  the  subject  as  far  aa  I  know.  The 
rhombic  prisms  are  cither  flat,  single,  and  primary,  or  com- 
binations of  several  prisms ;  like  those  of  pure  urea,  becoming 
hexagonal,  and  ultimately  tliin  plates.   (See  Plate  I.) 

The  uitrate  obtained  from  urine  directly,  almost  always 
crystallizes  in  large  plates,  of  which  many  lie  upon  each 
other,  mostly  with  their  principal  crystallographical  axes 
parallel  to  each  other.  Tins  parallelism  is  observed  also  in 
crystallizations  of  pure  urea :  the  plates  only  show  the  pris- 
matic character  a  little  more. 

The  crystals  obtained  from  urine  are  pressed  between 
bibulous  paper,  untd  the  paper  is  no  longer  stained.  They 
may  then  be  washed  on  a  filter  with  some  water  contaiuing 
a  little  nitric  acid,  in  which  they  are  not  very  soluble,  and 
may  then  be  pressed  a  second  time.  They  are  then  almost 
white,  and  of  a  silky  gloss,  or  satin-like  lustre,  rcscmblisg 
mother-of-  pearl . 

Nitrate  of  urea  is  not  changed  by  the  influence  of  the  air. 
It  is  soluble  in  water.  Heated  on  platinum  foil  it  explodes, 
when  the  temperature  has  been  raised  quickly  to  a  high 
point ;  but  if  only  heated  to  284''  F.  14(r  C.  it  decomposes, 
carbonic  acid,  suhoxydc  of  nitrogen,  urea,  and  nitrate  of 
ammonia  being  produced. 

Urea  and  oxalic  arid.  V+O.  {ZC^U^'SjO^,  CJI^O,  Ger- 
hardt.) — Oxalic  acid  has  a  stronger  afliuity  for  urea  than 
nitric  acid,  so  that  when  it  is  added  to  a  solution  of  the  ni- 
trate, oxalate  of  urea  will  be  formed,  which  not  being  veir 
soluble  in  water  containing  nitric  acid,  is  precipitated. 
Oxalate  of  urea  crystallizes  in  rhombic  prisms  aud  rhom- 
bic plates,'  some  varieties  of  which  are  very  much  like  the  pris- 
matic plates  of  nitrate  of  urea.    But  frequently  the  oxalate  has 

'  Log.  eil..  p.  7.  He  TKten  tn  Fuiike'i  ■  AtUt.'  (if.  \l,(i$.b;  bul  tliere  onl* 
priimi.  ind  not  ■  linglc  oclilicdron.  are  lo  be  >ecn. 

»  Vidt  Dr.  BmIk,  'The  Microscope,"  p.  264.  fig.  2M.  O.  Funke,  •  Atlu,' 
Uf.  ii,  Bg.  6.     Bowmtn,  '  Uerl.  Chemiitrjr,*  p.  b,  dg.  1. 
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more  tcndcucy  to  produce  crystals  in  which  the  axes  are 
of  a  more  equal  Icnf^h ;  these  ciystalfl,  though  smaller  in 
outline,  have  then  more  body.  {See  Plate  I.)  To  the  naked 
eye  a  precipitate  of  the  oxalate  of  urea  appears  a^  a  white 
crystalliue  mass  of  plates.  This  salt  is  soluble  in  23  parts 
of  water  of  a  temperature  of  59°  F.  (15*  C),  but  is  soluble 
in  a  much  smaller  quantity  of  hoiling  water. 

Urea  ami  nitrate  of  memiry.' — On  adding  to  a  solution  of 
urea  a  solution  of  nitrate  uf  mercury,  a  white  flocculent  pro- 
cipitatc  is  immediately  produced,  which  contains  urea,  oxyde 
of  mercury,  and  nitric  acid.  According  to  the  proportion  in 
which  both  raUitions  arc  mixed,  and  the  amount  of  free  acid 
contained  in  the  solution  of  mercury,  one  of  three  com- 
pouiula  or  a  mixture  of  three  compounds  is  produced,  which 
are  distin^ishcd  from  each  other  by  containing  different 
quantities  of  the  protoxyde  of  mercury. 

These  three  different  combination*  have  the  following  cha- 
racters in  common :  On  combustion  with  oxyde  of  copper  they 
de^'elop  a  mixture  of  gases,  in  which  nitrogen  and  carbonic 
acid  arc  present  in  the  proportion  of  three  volumes  of  the  one 
to  two  volumes  of  the  other.  This  is  the  same  proportion  as 
in  the  nitrate  of  urea.  On  removing  the  oxyde  of  mercury 
by  sulphuretted  hydrogen,  there  remains  in  the  fluid  after 
filtration  from  the  precipitate,  pure  nitrate  of  urea,  which 
erystallizes  to  the  last  drop.  These  combinations,  therefore, 
oidy  differ  from  each  other  by  a  varying  amount  of  protoxyde 
of  mercury ;  they  are  entirely  soluble  in  hydrocyanic  acid 
and  hot  nitric  acid.  la  the  latter  Holution,  potash  produces 
a  white  precipitate.  If  the  dry  precipitate  of  one  of  them 
is  heated  for  a  length  of  time  in  a  current  of  warm  air,  a 
decomposition  takes  place;  it  assumes  a  yellowish  colour, 
and  the  solution  in  nitric  aeid  gives  now  a  yellowish  precipi- 
tate with  potash.     The  fonuulie  of  these  three  combinations 


A.  NO„  U-l-4HgO 

B.  NO,,  U+ZHgO 

C.  NO„  U+3HgO 

From  these  formida?,  and  the  manner  in  which  they  arc 
decomposed  by  sulphuretted  hydrogen,  sulphurct  of  mercury 
being  precipitated  and  nitrate  of  urea  going  into  solution, 
we  may  consider  these  bodies  to  be  combinations  of  one 
'  Jiiitua  Lieliig,  '  Ufbpr  eine  ne.ie  Metiimie  mr  BcBlimmmig  von  KotliMk 
unrl  llirnitoff  im  llirn,'  UeidelU,  1B53.  ■  Anoal,  d.  Chem.  und  Phuin.,'  Luxt, 
p.  2%*. 
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equivalent  of  nitrate  of  urea,  with  four,  two,  and  tliree  equiva- 
lents of  the  protoxyde  of  mercury  respectively.  The  first  of 
these  combinations  is  produced  in  the  quantitative  analysifi  of 
urea  in  the  urine. 


Diafftiosis  of  Urea  in  Urine  and  other  Animal  Fluids. 

To  demonstrate  the  presence  of  urea  urine,  the  fol- 
lowing modified  method  of  Liehig  ^  should  be  adopted :  A 
quantity  of  urine  should  be  mixed  with  about  half  its  volume 
of  a  solution  of  baryta  (consisting  of  two  volumes  of  satu- 
rated solution  of  baryta  or  baryta  water,  and  one  volume  of 
a  saturated  solution  of  nitrate  of  baryta),  or  a  quantity  of 
that  solution  sufficient  to  precipitate  the  phosphoric  and  sul- 
phuric acids.  The  fluid  is  then  filtered  from  the  precipitate, 
neutralized  with  nitric  acid,  and  evaporated  to  dryness  on  the 
water  bath ;  the  residue  is  extracted  with  alcohol ;  the  alco- 
holic extract  is  again  evaporated,  and  exhausted  a  second 
time  with  absolute  alcohol.  This  last  solution  contains  the 
urea  very  pure,  so  that  it  crystallizes  out  in  colourless  needles. 
This  process  may  be  employed  for  producing  urea  directly 
&ora  nrine  witliout  precipitating  it  by  either  nitric  or  oxalic 
acid,  and  may  8er\*e  as  a  mode  of  finding  the  quantity  of 
urea  in  any  fluid,  particularly  when  the  apparatus  and  test- 
fluids  of  the  Centigrade  analysis  should  happen  not  to  be  at 
hand. 

The  presence  of  albumen  in  urine  requires  a  modifica- 
tion of  this  process.  It  is  not  advisable  to  remove  the 
albumen  by  boiling,  with  the  addition  perhaps  of  some  drops 
of  acetic  acid,  in  cases  where  accuracy  is  desired.  For  albu- 
men, on  passing  from  its  dissolved  into  an  insoluble  condition, 
incloses  into  its  substance  a  certain  amount  of  urea,  which 
cannot  afterwards  be  separated  from  it  without  great  loss  of 
time  and  trouble.  This  fact  must  always  be  hornc  in  mind 
in  analysing  fluids  containing  a  small  amount  or  only  a  trace 
of  urea ;  as  in  that  case  the  whole  of  the  urea  may  adhere 
to  the  coagula  of  albumen,  and  the  fluid  mav  appear  to  have 
contained  no  urea  at  all ;  or  urine  may  in  this  way  be  made 
to  appear  to  contain  a  smaller  amount  of  urea  than  it 
actually  does.  To  avoid  erroneous  conclusions,  therefore, 
albuminous  urine,  after  precipitation  with  the  solution  of 
baryta,  should  be  extracted  with  absolute  alcohol,  which, 
having  a  stronger  affinity  for  urea  than  albumen  has,  takes 

■  Loc  cit.,  f.  23. 
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the  former  into  solution  in  the  same  moment  as  it  renders 
the  albumen  insoluble.  The  alcoholic  extract  may  then  be 
evaporated  to  the  bulk  of  the  uriuo  employed,  and  the  amount 
of  urea  determined  by  means  of  the  mercurial  test-fluid ;  or 
it  may  be  evaporated  to  dryness,  the  residue  extracted  a 
second  time,  when,  on  a  second  evaporation,  the  whole  of 
the  urea  will  be  obtained  in  a  crystalline  state  ready  for 
weighing. 

It  is  mainly  owing  to  the  oversight  of  this  faet  that  urea 
has  not  been  found  either  in  blood  or  in  the  juice  of  flesh 
by  many  observers,  since  it  is  always  present  in  both. 

Liebig'g  Method  of  ascertaining  the  Absolute  Quantity  of 
Urea  in  Uriiie} 

This  mode  of  ascertaining  the  quantity  of  urea  dissolved 
in  urine  is  equal  in  accuracy  to  any  hitherto  in  use,  but  has 
the  great  advantage  over  them  of  requiring  much  less  time 
for  its  execution,  and  no  particular  ability  on  the  part  of  the 
operator — two  circumstances  which  pre-eminently  qualify  it 
as  a  means  for  the  diagnosis  of  certain  pathological 
conditions  of  the  system.  It  is  baaed  upon  the  property 
of  urea  to  be  precipitated  by  the  additiua  of  nitrate  of 
mercury,  in  combination  with  one  equivalent  of  nitric  acid 
and  four  equivalents  of  the  oxyde  of  mercurVj  three  equiva- 
lents of  nitric  acid  remaining  free  iu  solution. 

On  gradually  adding  to  a  dilute  solution  of  urea  a  dilute 
solution  of  nitrate  of  mercury,  aud  neutralizing  the  free  acid 
of  the  mixture  fi-om  time  to  time,  by  the  addition  of  some 
baryta  water  or  a  dilute  solution  of  carbonate  of  soda,  a 
flocculent,  bulky,  snowy-white  precipitate  is  obtained,  which 
is  insoluble  in  water.  If  the  alternate  addition  of  the  nitrate 
of  mercury  and  carbonate  of  soda  be  continued  as  long  as  a 
precipitate  is  formed,  there  will  be  a  point  at  which  the 
mixture,  or  the  spot  where  the  drop  of  the  solution  of  the 
carbonate  falls  into  the  mixture,  will  assume  a  yellow  colour, 
owing  to  the  formation  either  of  oxyde  of  mercury,  or 
hasic  nitrate  of  mercury,  or  carbonate  of  mercury.  If 
the  fluid  is  now  filtered,  it  docs  not  any  longer  contain  any 
appreciable  quantity  of  urea ;  the  whole  of  the  urea  has  been 
precipitated.  The  precipitate  is  composed  of  oue  equivalent 
of  urea  and  four  equivalents  of  oxyde  of  mercury.  By  mix- 
ing solutions  of  urea  and  nitrate  of  mercury,  both  of  known 
strength,  we  can  easily  convince  ourselves  that  precipitation 

■  Liebig,  loc.  cit.,  p.  19. 
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of  the  yellow  oxyde  or  carbonate  by  the  addition  of  carbonate 
of  soda  does  not  take  place  until  we  have  added,  for  ten 
parts  of  urea  in  the  solution  of  urea,  a  volume  of  the  solu- 
tion of  mercury,  in  which  there  are  contained  seventy-seven 
parts  of  the  oxyde  of  mercury.  This  amounts  to  four  equiva- 
lents of  the  oxyde  for  one  equivalent  of  urea. 

If  wc  continue  adding  a  solution  of  nitrate  of  mercury  to 
a  solution  of  urea  so  long  as  a  precipitate  is  produced,  the 
mixture  will  remain  ta/iile  on  the  addition  of  carbonate  of 
soda.  But  if  the  original  mixture  be  allowed  to  stand  for 
several  hours,  the  precipitate  after  the  lapse  of  that  time  will 
have  changed  its  properties,  and  have  become  crystalline.  One 
may  now  easily  recognise  the  six-sided  plates  of  the  combi- 
nation of  urea  with  one  atom  of  nitric  acid  and  three  atoms 
of  the  oxyde  of  mercury ;  and  the  clear  fluid  which  stands 
over  the  precipitate,  and  which,  on  the  admixture  of  an 
alkali,  gave  a  white  precipitate,  is  now  precipitated  yellow  by 
the  same  alkalies,  In  the  acid  fluid  the  combination,  con- 
taining four  atoms  of  the  oxyde  of  mercurj-  and  one  of  nitric 
acid,  ia  reduced  to  a  combination  containing  less  oxyde,  be- 
cause a  part  of  the  oxyde  is  rediesolved  by  the  free  acid  of  the 
fluid. 

In  order  to  recognise  whether  an  amount  of  the  solution 
of  the  nitrate  of  mcrcurj'  sufficient  to  produce  the  combina^ 
tion  of  urea  with  four  atoms  of  the  oxyde  of  mercury  has 
been  added,  the  neutralization  with  carbonate  of  fioda  after 
the  addition  to  the  solution  of  urea  of  the  mercurial  solution 
becomes  necessary.  If  a  drop  of  the  mixture,  when  added  to 
a  drop  of  a  solution  of  carbonate  of  soda  on  a  wateh-glass,  or 
on  a  flat  piece  of  glass,  remains  white,  we  may  be  quite  sure 
that  there  still  is  uncombined  urea  in  the  mixture.  \Vhen, 
however,  on  the  two  drops  mixing,  a  yellow  pellicle  is  pro- 
duced, then  we  have  added  a  sufficient  amount,  or  rather  a 
little  more  than  sufficient,  of  the  mercurial  solution  to  pre- 
cipitate the  whole  of  the  urea.  It  requires  only  a  small 
excess  of  the  salt  of  mercury  to  indicate  that  the  quantity 
sufficient  to  precipitate  all  the  urea  has  been  added.  It  is 
therefore  e\ident,  that  if  we  know  the  amount  of  mercury 
contained  in  the  solution  of  it,  wc  may,  from  the  quantity  of 
this  solution  used  for  precipitating  urea  in  the  manner  de- 
scribed, determine  the  quantity  of  urea  contained  in  solution; 
or  if,  for  precipitating  a  known  quantity  of  urea,  say  100 
milligrammes,  wc  have  used  a  certain  volume  of  the  solution 
of  mercury,  this  same  volume  of  the  same  solution  will 
indicate  the  same  quantity  of  urea  in  fluids  containing  an 
unknown  amount  <tf  urea.     From  the  volume  of  the  mer- 
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cnrial  eolation  used  in  this  way,  tbe  &inoQiit  of  n: 
may  then  be  calculated ;  a  consumption  of  half  the  rolume 
BhowB  half  the  amount  of  urea,  of  twice  the  volume  double 
the  quantity  of  urea,  to  be  contained  in  the  fluid. 

Tbe  results  obtained  by  tbia  analyeia  are  equal  in  accaracy 
to  those  obtaiued  by  tbe  methods  of  Bunsen  and  Ragaky; 
but  these  latter  methods,  though  gi^'iug  excellent  results,  are 
not  available  for  practical  purposes,  on  account  of  the  time 
and  attention  required  to  carry  out  the  operations.  If  it  be 
required  to  make  many  analyses  of  urea  at  one  and  the  same 
time,  the  method  of  Bunsen  may  not  take  more  time  than 
that  of  Liebig  above  described,  though  tbe  operator  must  be 
expert  at  weighing,  and  not  lose  much  time  with  tbe  scales, 
or  this  one  proceeding  will  take  as  much  time  as  the  whole 
of  the  titre  analysis.  As  the  analysis  of  Bunsen  is  not  only 
absolutely  correct,  but  also  a  beautiful  conception,  I  have 
lower  down  given  it  in  full ;  that  of  Ragsky  being,  though 
good,  not  easy  of  appUcation,  is  omitted. 

Preparation  of  Ike  Solution  of  Mercury  for  precipitating  Urea 
from  Urine. 

Four  grammes  of  pure  urea  are  first  dissolved  in  water, 
and  this  solution  is  diluted  with  water  to  exactly  the  bulk  of 
200  c.c.  By  dissolving  four  grammes  of  urea  in  200  c,c. 
of  water,  201 '75  c.c.  of  solution  would  be  obtained,  being 
1'75  c.c.  in  excess. 

Of  the  solution  of  nitrate  of  mercury,  which  is  to  serve 
for  the  purpose  of  precipitating  urea  from  the  urine,  20  c.c, 
are  to  be  just  sufficient  to  indicate  exactly  the  amount  of 
urea  contained  in  10  c.c.  of  tbe  solution  just  described, 
namely,  200  milligrammes  of  urea;  one  cubic  centimetre, 
therefore,  of  the  mercurial  solution  must  correspond  with  10 
milligrammes  of  urea.  To  this  end,  the  solution  of  mercury 
must  contain  an  amount  of  oiydc  sufficient  to  produce,  with 
10  milligrammes  of  urea,  the  nitrate  containing  four  equiva- 
lents of  the  oxyde  of  mercury,  and  further,  it  must  contain 
a  trifling  excess  of  the  oxyde  of  mercury,  in  order  to  indicate 
the  complete  precipitation  of  the  urea.  This  is  the  case 
when,  after  the  adiiitiou  of  the  last  drop  of  the  10  c.c,  of 
the  mercurial  solutiou  to  tbe  solution  of  urea,  a  solution  of 
carbonate  of  soda  produces  a  distinctly  yellow- coloured  pre- 
cipitate. 

According  to  calculation,  100  milligrammes  of  urea  require 
for  precipitation  720  milligrammes  of  the  oxyde  of  mercury 
(in  the  form  of  nitrate)  ;  but  in  order  to  produce  a  distinct 


reaction  of  osydc  of  raeroury  in  dilute  soltitioQH  of  urea,  the 
10  c.e.  of  mercurial  solutiou  necessary  to  precipitate  the 
100  m ill i gram mes  of  urea  must  contain  an  excess  of  oxyde 
amounting  to  52  milligrammes,  or  in  all  772  milligranimeB 
of  oxyde.  Every  cubic  centimetre  of  the  solution,  therefore, 
must  contain  an  excess  of  5'2  milligrammes  of  oxyde. 

The  simplest  mode  of  obtaining  the  test-fluid  is  by  dis- 
solving in  a  beaker-glass  one  part  of  pure  metallic  quicksilver 
in  five  parts  of  nitric  acid  of  l'-125  specific  p-avity,  and  fre- 
quently adding  a  little  nitric  acid,  keeping  the  mixture  at  a 
gentle  heat,  until  the  evolution  of  vapours  of  nitrous  acid 
lias  entirely  ceased.  The  solution  is  tlien  evaporated  on  the 
water  bath  until  it  assumes  the  consistence  of  a  syrup.  Tliia 
syrup  is  then  diluted  with  water  until  100  c.e.  of  tliis  dilute 
fluid  contain  exactly  7' 140  grammes  of  mercury.  This  is 
the  case,  if  100  grammes  of  mercury,  after  transformation 
into  the  nitrate  of  the  protoxyde,  are  dissolved  in  so  much 
water  that  the  bulk  of  the  solution  amounts  to  exactly  llOO 
c.e. 

If  we  use  for  the  preparation  of  the  protoxyde  the  crystal- 
lized nitrate  of  the  suhoxyde  of  mercury,  which  may  with 
greater  facility  be  obtained  pure  and  is  more  free  from  other 
metals  thau  metallic  mercury,  the  concentrated  solution  of 
the    protoxyde    obtained  is  of  unknown  strength.      The 

3uatitity  of  protoxyde  contained  in  it  must  therefore  be 
etermincd ;  and  this  being  done,  the  solution  is  to  be  diluted 
to  the  strength  already  stated. 

There  are  several  methods  of  finding  the  amount  of  prot- 
oxyde of  mercury  contained  in  a  solution  of  the  nitrate.  It 
may  be  found  in  a  direct  way  by  diluting  a  known  volume 
of  the  concentrated  solution  or  synip  with  ten  volumes  of 
water,  and  precipitating  the  protoxyde  of  10  c,c.  of  this 
solution  by  the  addition  of  potassa,  Or  a  precipitate  of 
the  sulphide  of  mercury  may  be  obtained  by  mixing  the 
nitrate  with  a  solution  of  sulphate  of  soda,  and  decomposing 
the  precipitated  sidphate  of  protoxyde  of  mercury  by  a  cur- 
rent of  sulphuretted  hydrogen. 

A  third  proceeding,  which  dispenses  with  scales,  is  the 
following ; 

EpUode :  Mode  of  ascertaining  the  amount  of  prolo.ryde  qf 
mercury  contained  in  a  solution  of  nitrate  of  mercury. — 
On  mixing  a  solution  of  the  nitrate  of  protoxyde  of  mer- 
cury with  a  solution  of  phosphate  of  soda,  a  white  fiocculent 
precipitate  of  phosphate  of  protoxyde  of  mercury  is  imme- 
diately produced,  which,  on  l)eing  allowed  to  staud  in  the 
liquid,  rapidly  becomes  erystallinc. 
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Asolation  of  corrosive  oublimate  may,  howerer.be  mixed  with 
the  alkaline  phosphate,  without  any  turbidity  being  produced. 

If  to  the  mixture  of  tlie  two  first- mentioned  salts  we  add 
a  solution  of  chloride  of  sodium,  before  the  precipitate  has 
had  time  to  liecome  crystalhne,  the  latter  immediately  decom- 
poses with  the  chloride  of  sodium,  corrosive  sublimate  and 
phosphate  of  soda  being  produced;  the  precipitate  dis- 
appears, and  the  fluid  becomes  perfectly  clear. 

This  test  is  the  basis  of  the  following  method,  by  which 
the  amount  of  protoxyde  of  mercury  contained  in  a  solution  of 
the  nitrate  may  be  ascertained  with  tolerable  accuracy.  One 
equivalent  of  phosphate  of  mercury  requires  for  its  redis- 
Bolution  one  equivalent  of  chloride  of  sodium.  It  follows 
from  this  that  if  we  know  the  amount  of  chloride  of  sodium 
which  it  has  been  necessary  to  add  for  redissolving  the  phos- 
phate of  mercury,  we  also  know  the  amount  of  protoxyde 
contained  in  the  solution  of  the  nitrate. 

As  the  equivalent  of  the  chloride  of  sodium  is  only  about 
one  half  of  that  of  the  protoxyde  of  mercury,  a  slight  error 
in  the  addition  of  the  chloride  of  sodium  will  be  doubled  in 
the  calculation  of  the  mercury.  This  analysis  is  therefore 
not  so  accurate  as  its  reverse,  the  determination  of  chloride 
of  sodium  by  the  mercurial  solution.  But  it  is  siifficiently 
accurate  for  the  purpose  licre  intended. 

Episode  in  episode :  Preparation  of  the  standard  solution  ^f 
chloride  of  sodium  to  be  employed  ia  ascertaining  the  amount 
of  mercvry  in  solution. — A  saturated  solution  of  chloride  of 
sodium  is  first  prepared  by  pouring  water  over  pure,  trans- 
parent rock  salt  in  coarse  pieces,  and  letting  it  stand  for 
solution  at  a  temperature  of  from  SI"  to  75°  F.  (12'3  to 
23-9"C.)  If  the  mixture  he  frequently  shaken  it  will,  after 
the  elapse  of  twenty-four  hours,  be  perfectly  saturated,  and 
in  every  case  will  contain  an  invariable  amount  of  salt, 
viz.,  318t  grammes  iji  every  10  c.c.  The  solution,  after 
decanting  and  filtering,  is  ready  for  use. 


Of  this  solution  we  take  with  a  pipette 
And  add  water 

Whereby  we  obtain  of  dilute  solution 
of  cldoride  of  sodium 


200  c.c. 
566-8  C.C. 


586-8  c.c. 


Which  in  all  contain  63fi8  milligrammes  of  chloride  of  sodium, 
viz.]  the  amount  euutairied  In  20  c.c.  of  the  saturated  solu- 
tion. In  10  c.r.  of  this  dilute  solution  there  are  consequently 
contained  lOK-52  milligrammes  of  chloride  of  sodium,  corre- 
I  spondiug  to  2O0  milligrammos  of  protoxyde  of  mercury  (I  c.c. 


dilute  so1utioii=30inilli^jaiQme8  of  protoxyde  of  mercury). 
This  calculation  is  based  upon  the  equivalents  of  protoxyde  of 
mercnry=  108,  and  chloride  of  sodium  =  586,  which  stand  to 
each  other  in  the  same  proportion  as  200  of  the  osyde  to 
10852  of  chloride  of  sodium. 

Mode  of  ascertaining  amount  of  protoxyde,  iic.  (continued). 
— In  order  to  determine  with  some  degree  of  accuracy  the 
amount  of  oxyde  contained  in  a  solution  of  the  nitrate,  the 
latter  must  not  be  too  concentrated,  partly  because  a  larger 
bulk  admits  of  more  accurate  measurement,  partly  because 
the  end  of  the  reaction  is  much  more  perceptible  in  dilute 
than  in  concentrated  fluids.  It  is  therefore  desirable  that 
the  mercurial  solution,  which  is  to  serve  for  the  test,  should 
in  10  c.c.  not  contain  more  than  from  180  to  200  milli- 
grammes of  protoxyde  of  mercury. 

The  following  preliminary  experiment  is  therefore  made, 
for  the  purpose  of  ascertaining  the  concentration  :  100  c.c. 
of  the  solution  of  chloride  of  sodium  are  mixed  with  4-0  c.c. 
of  a  solution  of  phosphate  of  soda  [the  officinal  salt)  satu- 
rated at  the  ordinary  temperature.  To  this  mixture  the 
mercurial  solutiou  is  now  poured  from  a  burette,  until  a 
precipitate  is  formed  whicli  does  not  disappear  on  shaking 
the  Huid.  Let  us  suppose  that  we  have  used  for  that  pur- 
pose 2"4  c.c.  of  the  mercurial  solution;  they  accordingly 
contain  200  milligrammes  of  oxyde  ;  10  C.e.  of  the  solutiou 
therefore  contain  more  than  800  milligrammes,  when  thty 
should  only  contain  200  milligrammes  at  the  outside.  This 
solution,  therefore,  before  the  actual  testing  begins,  must 
be  diluted  with  three  times  its  own  volume  of  water. 

Of  this  dilute  solution  of  mercury  we  now  measure  lO'O  c.c. 
into  a  beaker,  add  40  c.c.  of  the  above-mentioned  solution 
of  phosphate  of  soda,  and  pour  from  a  burette  the  graduated 
or  standard  solution  of  chloride  of  sodium  into  this  mix- 
ture, which  is  kept  in  constant  agitation,  until  at  last  the 
white  precipitate,  which  is  formed  on  addition  of  the  phos- 
phate to  the  mercurial  solution,  is  entirely  redissolved. 

Theadditiontothe  mercurial  fluidofthcsolution  of  phosphate 
of  soda  must  be  followed  immediately  by  that  of  the  chloride 
of  sodium ;  for  if  we  suspend  the  addition  of  the  latter  only 
for  a  few  minutes,  the  phosphate  of  mercury  becomes  crys- 
talliuc,  and  now  cither  dissolves  not  at  all,  or  with  difficulty 
only.  The  solution  of  mercury,  moreover,  must  not  contain 
too  much  free  acid.  It  contains  the  proper  amount,  if,  after 
the  addition  of  the  phosphate  of  soda,  the  mixture  no  loiifirer 
reddens  litmus.  If  it  has,  however,  an  acid  reaction,  the 
mercuiial  solution  must,  previously  to  the  testing,  have  a 
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part  of  its  acidity  neutralized  by  the  addition  of  a  few  drops 
of  a  BOlution  of  carbouatc  of  soda,  until  basic  salt  bc^ns  to 
be  precipitatedj  which  may  be  redissolved  by  a  drop  or  two 
of  dilute  nitric  acid. 

As  a  matter  of  course  the  errors  in  this  analysis  arc  mainly 
due  to  our  adding  a  drop  or  two  more  of  the  chloride  of 
sodium  than  is  actually  required  to  dissolve  the  precipitates. 
The  greater  the  quantity  of  solution  of  chloride  of  sodium 
added  to  a  given  bulk  of  the  mercurial  solution,  the  more 
oxyde  this  solution  will  appear  to  contain.  The  error,  cons&> 
quently,  which  we  have  just  pointed  out.incrcascs  the  apparent 
real  amount  of  oxyde  contained  in  the  solution.  As  the 
phosphate  of  mercury  is  slightly  soluble  in  the  fluid,  and  as, 
after  all,  the  solution  of  chloride  of  sodium  is  graduated  with 
regard  to  this  error,  the  latter  is  generally  very  slight.  If 
the  proceeding  be  reversed  by  pouring  the  merciu-ial  solution 
into  a  mixture  of  the  solution  of  chloride  of  sodium  and  the 
alkaline  phosphate,  a  slight  excess  of  the  mercurial  solution 
must  always  be  added,  for  the  purpose  of  producing  the  pre- 
cipitate, which  is  not  permanent  until  the  fluid  has  been 
saturated  with  the  mercury.  This  proceeding,  therefore, 
woiJd  give  too  low  an  indication  of  the  amount  of  oxydc. 

These  analyses  become  still  more  correct,  if  we  combine 
both  methods,  and  proceed  in  the  following  manner : 

{Method  I.)  We  measure  lOc.c.  ofthe  solution  of  mercury 
into  a  beaker,  add  from  3  to  -1  c.e.  of  the  solution  of  phosphate 
of  soda,  and,  taking  care  not  to  let  the  precipitate  become 
crystalline,  we  immediately  pour  from  the  burette  into  the 
fluid  the  solution  of  chloride  of  sodium,  until  the  preci- 
pitate has  disappeared.  Let  us  suppose  that  we  have  used 
for  that  purpose  12"5  c.c,  of  the  solution  of  chloride  of 
sodium,  we  now — 

(Method  II.)  Measure  12'5  c.c.  of  the  same  solution  of 
chlor'dc  of  sodium  into  a  beaker,  add  from  3  to  4  c.c,  of  the 
phosphate  of  soda,  and  pour  into  this  mtxture  from  a  burette 
the  amount  of  the  same  solution  of  mercury,  which  is  just 
nceesaary  for  the  production  of  a  commencing  precipitate. 
Let  us  suppose  that  we  have  used  of  it  10'25  c.c,  then  its 
real  strength  is — There  have  been  used  for 

I.  lO'O  c.e.  of  the  mere.  sol.  12'5  c.c.  sol.  of  chl,  of  sod. 
II.  10-25  c.c.         ditto.  12-5  c.c.  ditto. 


20*25  C.C.  mere.  sol.  25'0  c.c.  sol.  of  eld.  of  sod. 

As  every  cc.of  the  graduated  solution  of  chloride  of  sodium 
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indicates  20  milligrainines  of  oxyde  of  mercury,  it  follows 
that  the  25  c.c.  used  indicate  20x25  =  500  m ill i grammes 
of  oxyde,  which  are  contained  in  20'25  c.c.  of  mercurial 
solution. 

In  thia  manner  has  been  ascertained  the  amount  of  oxydc 
contained  in  the  solution  (diluted  mtli  three  volumes  of 
water).  I  will  now  proceed  to  give  the  description  of  the  other 
proceedings  necesaary  for  producing  a  solution  graduated  for 


Preparation  of  Mcrairial  Solution  graduated  for   Urea 

(continued) . 

A  known  volume  of  the  concentrated  solution  or  syrup, 
in  a  part  of  which,  after  dilution  with  three  volumes  of  water, 
the  amount  of  oxyde  of  mercury  has  been  ascertained,  is  now 
diluted  with  so  much  water  as  wUl  bring  it  near  to  the  point 
of  concentration  required  for  urea.  The  correctness  of  this 
dihition  must  be  checked  before  its  application  for  deter- 
mining the  amount  of  urea  in  urine,  by  means  of  the  solution 
of  pure  urea  mentioned  above,  which,  in  1 0  c.c,  contains  200 
milligrammes  of  urea. 

In  diluting  the  concentrated  mercurial  solution,  it  is  ad- 
visable not  to  add  the  whole  bulk  of  water,  which  by  cnlcii- 
lation  has  been  found  necessary,  all  at  once.  It  is  better  to 
add  a  little  less  water,  then  to  test  with  the  solution  of  urea, 
and  after  thus  checking  the  correctness  of  the  analysis,  to  add 
the  rest  of  the  water. 

To  recapitulate  the  entire  proceeding : 

We  take  100  c.c.  of  the  concentrated  solution  or  syrup, 
dilute  it  with  five  or  ten  times  its  bulk  of  water,  according  to 
its  concentration,  and  in  100  c.c.  of  this  dilute  solution  wc 
approximately  ascertain  the  amount  of  osyde  by  means  of 
the  phosphate  of  suda  and  the  graduated  solution  of  chloride 
of  sodium. 

Let  us  suppose  that,  for  100  c.c.  of  the  solution  diluted 
with  five  times  its  own  bulk  of  water,  we  have  used  18'5  c.c. 
of  the  aolulion  of  chloride  of  sodium,  the  amount  of  water  to 
be  added  can  then  cosily  be  calculated. 

For  100  c.c.  of  the  concentrated  solution,  there  ought  to 
be  used  38'5  c.c.  of  the  graduated  solution  of  chloride  of 
sodium  (corresponding  to  772  mUligrammea  of  oxyde  of  mer- 
cury) .  We  have,  however,  in  reality  used  5x1 8'5  =  925  c.c. 
of  the  graduated  solution.  If  for  lO'Oe.c.  of  the  concentrated 
mercurial  solution  there  arc  required  92"5  c.c.  of  the  graduated 
isolutiou  of  clilorido  of  sodium,  4!'16  c.c.  of  the  fonner  will 


exactlj  be  mcemarj  to  neutnliie  38*5  cc.  of  tibe  Utter.     ET  \ 

therekire 


416  vol.  of  the  concentrated  mere,  eolat.  are  mixed  with 
584  vol.  of  water,  we  obtain 


1000  ToL  of  a  dilate  solntioii, 


lOO  c.c.   of  which  exactly  correspond  to  38-5  cc.  of  the 
graduated  solution  of  cliloride  of  sodium.  | 

As  has  been  already  stated,  it  is  not  advisable  to  add  the 
whole  amount  of  water  (the  whole  584  volumes)  at  once.  It  it 
better  to  allow  a  margin.  We  now  measure  10  c.c.  of  the 
graduated  solution  of  urea  into  a  beaker,  add  from  a  burette 
the  solution,  which  has  been  diluted  to  not  quite  the  calcu- 
lated strength,  nutil  a  drop  of  the  mixture,  when  brought 
into  contact  with  a  drop  of  a  solution  of  carbonate  of  sod* 
on  a  glass  plate  or  a  watch-glass,  gives  adistinct  yellow  reao 
tion.  In  ease  we  have  used  for  that  purpose  19*25  c.c.  of  the 
solution  of  mcrcurj', 


,     192-5  ccofthelattCT, 


We  now  add,  upon  every 
Water  to  the  amount  of 


Whereby  we  obtain  a  total  of  solution^  200'0  c.c. 

We  now  make  the  final  experiment  with  this  solution. 

If  after  the  addition,  to  10  c.c.  of  tlic  solution  of  urea,  of  ] 
20  c.c.  of  the  mercurial  solution,  the  yellow  colour  appears 
distinctly,  the  solution  of  mercury  may  be  used  for  ascer> 
taining  the  amount  of  urea  in  urine. 

Wc  must  bestow  all  possible  care  upon  the  correctness  of  > 
the  tcst-Huid,  as  it  is  intended  to  replace  the  balance,  which, 
when  faulty,  will  make  the  error  appear  the  larger,  the  smaller 
the  difference  of  weight  we  wish  to  determine.  In  the  ease 
of  an  incorrect  balance,  the  error  may  be  met  every  time  we 
use  it — it  is  possible  to  weigh  correctly  with  it.  But  a  gra- 
duated fluid  must  be  corrected  once  for  all  before  use.  The 
volume  of  the  fluid  does  not  increase  the  trouble  of  preparing 
it ;  and  it  is  therefore  advisable  to  prepare  the  lai^eat  possible 
quantity  at  one  time. 

The  small  excess  of  the  oxyde  of  mercury  in  the  fluid  is 
like  the  hand  of  the  bulanee ;  the  yellow  colour  is  its  deflec- 
tion, the  amount  of  which  must  be  carefully  impressed  upon 
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We  first  prepare  a  muttureof  two  vol  limes  of  baryta  watcr,aiid 
one  volume  of  a  solution  of  nitrate  of  baryta,  both  saturated  at 
the  ordinary  temperature.  Of  this  alkaline  Huid,  one  volume  is 
mixed  with  twovolnmea  of  urine.  For  this  purpose  a  small  glasa 
cylinder  of  a  capacity  of  about  15  c.c,  or  any  other  conve- 
nient size,  may  be  used.  This  cylinder  is  ground  round  the 
edge,  so  as  to  admit  of  being  closed  hermetically  by  a  plate 
of  glass.  It  is  then  twice  filled  with  urine  to  overflowing,  the 
excess  being  each  time  removed  by  covering  it  with  the  glass 
plate.  The  same  cylinder  is  afterwards  once  filled  in  the  same 
manner  with  solution  of  baryta,  and  the  latter  is  poured  on 
the  nrine  in  a  beaker.  The  precipitate  which  forms  when 
the  two  fluids  mix,  is  removed  by  filtering.  Of  the  filtered 
fluid,  15  c.c.,  corresponding  to  10  c.c.  of  uriue,  arc  taken 
for  each  analysis. 

To  this  volume  of  urine  we  now,  without  neutralizing,  add 
&om  a  burette  the  graduated  solution  of  the  nitrate  of  prot- 
oxyde  of  mercury,  keeping  the  mixture  agitated  all  the  time, 
and  test  the  mixture  as  soon  as  we  perceive  that  no  further 
precipitate  is  formed,  and  that  the  fluid  does  no  longer  be- 
come thick  on  the  addition  of  the  mercurial  solution.  For 
this  purpose  we  take  with  a  glass  rod  a  drop  out  of  the  mix- 
ture, and  add  it  to  a  drop  of  a  solution  of  carbonate  of  soda, 
of  which  there  are  several  in  readiness  on  a  glass  plate  lying 
on  a  sheet  of  white  or  black  paper.  If  after  the  lapse  of  a 
few  seconds  the  mixture  of  the  two  drops  remain  white,  the 
addition  of  the  mercurial  solution  must  be  repeated,  until,  on 
a  new  trial,  a  drop  of  the  contents  of  the  beaker  exhibits 
a  distinct  yellow  colour  ou  being  added  to  the  drop  of  solution 
of  carbonate  of  soda. 

We  now  read  on  the  scale  of  the  burette  the  number  of 
cubic  centimetres  of  the  mercurial  solution  used ;  and  from 
this  is  ascertained,  by  the  simplest  calculation,  tlie  amount  of 
urea  contained  in  10  c.c.  of  urine,  and  hence  in  the  total 
quantity  discharged  in  twenty-four  hours. 

Modificatioa  of  this  method  required  by  an  excess  of  urea  in 
urine. — The  mercurial  test-fluid  is  graduated  for  a  solution  of 
urea  containing  2  per  cent,  of  this  substance  ;  15  c.c,  of  the 
solution  of  urea  require  for  precipitating  the  whole  of  theareB> 
and  for  the  production  of  the  teat  indicative  of  the  com- 
pletion of  the  precipitation,  30  c.c.  of  mercurial  solution.  We 
thus  obtain  45  c.c.  of  a  mixture  in  which  on  the  whole  there 
are  30  times  52  =  156  niilligrammea  of  free  protoxyde  of. 


mercury;  every  cubic  centimetre  therefore  contains  3"47 
niilti^rammes  of  protoxyde  of  mercury. 

If  the  15  c.c.  of  solution  of  urea  contain  t  per  cent,  of 
urea,  and  we  add  GO  c.c,  of  the  mercurial  solutiouj  a  mixture 
amounting  to  75c. c.  is  produced,  in  which  there  are  contained 
312  milligrammes  of  the  oxyde  of  mercury,  viz.,  4'16  milli- 
grammes in  every  cubic  centimetre,  being  an  excess  of  0'69 
milligrammes  of  protoxydc  in  every  cubic  centimetre  above 
what  is  required  to  produce  the  original  colour. 

It  has  been  shown  by  careful  experiment  that,  in  ana- 
lysing urine  containing  a  larger  amount  of  urea,  an  error  ia 
committed  which  makes  the  amount  of  urea  appear  smaller 
than  it  really  is.  In  the  case  just  now  given  as  au  illustra- 
tion, we  would  not  add  60  c.c.  of  the  mercurial  soliition  for 
the  production  of  the  original  colour,  but  only  593" c.c.  In 
order  to  remove  this  error,  we  have  only  to  make  the 
mixture  more  dilute  by  the  addition  of  water.  As  soon  aa 
we  have  found  out  that  the  urine  eoutains  a  higher  percentage 
of  urea  than  the  mercurial  solution  is  graduated  for— for  ex- 
ample, if  more  than  300  c.c.  of  the  mercurial  solution  arc 
used  for  15  c.c.  of  urine — we  must,  for  the  number  of  cubic 
cenrimetres  of  the  mercurial  solution  above  300 c.c,  add 
half  the  number  of  cubic  centimetres  of  water  before  testing 
vnlh  carbonate  of  soda.  If,  for  instance,  wc  have  used  20  c.c. 
more  than  30,  we  add  10  e.e.  of  water.  It  will  always  he 
found  that,  after  the  addition  of  the  water,  a  few  more  drops 
of  the  mercurial  solution  must  be  added,  before  the  proper 
indication  is  obtained. 

Modification  required  by  the  urea  sinkinff  to  1  per  cent, — 
If  the  quantity  of  urea  in  urine  amounts  to  1  per  cent, 
only,  it  will  be  neeessary  to  add  to  15  c.c.  of  urine  not  15  c.c. 
only,  but  153  c.c.,  which  would  unduly  increase  the  apparent 
amount  of  urea.  To  avoid  this  error  in  working  with  dilute 
urine,  we  must,  for  cverj'  5  c.c.  of  mercurial  solution  which 
have  been  used  less  than  30  c.c,  subtract  0-1  c.c.  from  the  sum 
of  cubic  centimetres  actually  used.  If  therefore  for  15  c.c. 
of  urine  25'0  c.c.  of  mercurial  solution  have  been  used,  the 
real  amount  of  urea  being  249  milligrammes,  is  expressed  by 
249  c.c.  of  mercurial  solution. 

Modification  required  by  the  fyresence  in  urine  ofchltyride  ofsO' 
dium. — A  series  of  experiments  has  shown  that,  when  the  chlo- 
ride of  sodium  contained  in  urine  amounts  to  1  or  1  -5  per  cent., 
it  interferes  with  the  analysts  of  urea  by  means  of  the  mer- 
curial solution.  If  to  lOc.c.  of  the  solution  of  pure  urea  20  c.c. 
of  the  graduated  mercurial  solution  are  added,  carbonate  of 
Boda  will  produce  a  distinct  yellow  precipitate  of  protoxyde 


of  mercury  in  the  mixture-  If  to  the  latter  we  now  add 
&om  10()  to  200  milligrammes  of  chloride  of  Bodium,  and 
test  again  with  carbonate  of  soda,  the  yellow  colour  will  not 
appear,  and  for  its  reproduction  will  require  a  further  addition 
of  from  lij  to  25c.c.  of  the  mercurial  solution;  which,  if 
taken  as  representing  urea,  would  increase  the  apparent 
amount  of  the  latter  by  15  to  25  milligrammes. 

It  is  the  same  in  urine.  The  chloride  of  sodium  contained 
in  it  increases  the  apparent  amount  of  urea  ujiduJy  by  20  or 
30  milligrammes  in  10  c.c.  In  case  the  amount  of  chloride 
of  sodium  rises  above  2  per  cent.,  the  error  is  not  increased 
in  proportion  to  the  quantity,  but  remains  the  same,  with 
certain  fluctuations. 

As  we  shall  see  more  particularly  in  treating  of  the  deter- 
mination of  chloride  of  sodium  by  means  of  the  nitrate  of 
protoxyde  of  mercury,  a  solution  of  urea  containing  chloride 
of  sodium  is  not  precipitated  until  all  the  chloride  of  sodium 
present  is  decomposed,  and  corrosive  sublimate  is  formed.  In 
a  solution  of  200  milligrammes  of  urea  and  100  miiligrammeB 
of  chloride  of  sodium  in  10  c.c.  of  water,  to  which  20c. c,  of 
the  mercurial  solution  have  been  added,  the  excess  of  the 
mercury,  which  otherwise  would  have  given  the  yellow  reac- 
tion on  addition  of  carbonate  of  soda,  is  not  present  in  the 
form  of  nitrate,  but  of  corrosive  sublimate;  by  the  for- 
mation and  presence  of  which,  it  is  evident,  the  change  in  the 
test  is  caused.  Instead  of  346  milligrammes  of  oityde  of 
mercury  in  the  form  of  nitrate,  the  mixture  contains  the 
same  amount  of  mercury  in  the  form  of  sublimate. 

On  diluting  a  solution  of  corrosive  sublimate  with  water 
until  it  yields  a  distinct  brownish-yellow  precipitate  of  oxy- 
chloride  of  mercury  on  the  addition  of  carbonate  of  soda,  and 
on  then  mixing  the  same  solution  of  sublimate  with  a  drop  of 
nitric  acid,  and  then  adding  it  in  drops  to  a  solution  of  car- 
bonate of  soda,  the  mixture  will  remain  clear.  No  precipitate 
will  be  formed;  and,  if  any,  it  consists  only  of  a  slight 
whitish  turbidity,  from  which,  after  prolonged  standing,  some 
few  brownish-yellow  plates  arc  deposited.  In  this  condition, 
the  excess  of  corrosive  sublimate  exists  in  the  mixture  of 
the  solutions  of  urea  and  of  mercury,  the  greater  part  of 
the  nitric  acid  of  which  is  iu  a  free  and  uncombined 
state. 

This  free  nitric  acid  converts  part  of  the  carbonate  of  soda 
into  the  bicarbonate,  which  does  not  precipitate  corrosive  sub- 
limate. When  the  mixture,  in  consequence  of  a  larger 
amount  of  chloride  of  sodium  having  been  present  in  it,  con- 
tains a  larger  amount  of  eorroeive  sublimate,  the  quantity  of 
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carbonic  acid  set  free  is  not  sufficit^nt  to  totally  prercnt  tli6 
precipitation  of  protoxydc  of  mercury,  and  a  brownish -yellow 
precipitate  is  produced.  This  appears  to  be  the  reason  why 
the  presence  of  a  certain  amount  of  chloride  of  sodium  de- 
fers the  indication  of  the  complete  precipitation  of  urea,  and 
why  a  further  increase  in  the  amount  of  chloride  of  sodium 
does  not  interfere  with  the  test  after  having  reached  a  certain 
height. 

In  operating  upon  urine  containing  from  I  to  1  -5  per  cent, 
of  chloride  of  sodium,  the  number  of  milligrammes  of  urea 
contained  in  100  c.e. of  urine  mayat  once  be  correctly  obtained 
by  simply  subtracting  2  c.e.  from  the  total  cubic  centimetres 
of  mercurial  solution  used.  The  results  thus  obtained  are 
relatively  correct  as  regards  the  differences  of  the  amounts 
of  urea,  even  when  the  quantity  of  chloride  of  sodium  varies 
in  the  urine  of  different  individuals.  There  is  only  a  slight 
error  in  the  absolute  quantity  of  urea,  which,  if  left 
oncorrected,  may  amount  to  15  or  20  milligrammes  in  10  c.e. 
of  urine. 

If,  therefore,  we  require  to  know  the  absolute  quantity  of 
urea  in  urine,  the  chlorine  must  be  removed  from  the  urine, 
ftnd  the  chloride  of  sodium  converted  into  the  nitrate  of  soda. 
This  is  done  by  the  agency  of  a  graduated  solution  of  nitrate 
of  silver,  HGOl  grammes  of  fused  nitrate  of  silver  are  dis- 
solved in  water,  and  diluted  until  the  volume  of  the  flnid 
amounts  to  400  c.e.  One  cubic  centimetre  of  this  solution 
contains  29'01  milligrammes  of  nitrate  of  silver,  correspond- 
ing to  10  milligrammes  of  chloride  of  sodium. 

The  solution  of  mercury  which  will  be  described  under  the 
head  of  chloride  of  sodium  corresponds  to  this  solution  of 
silver.  Equal  volumes  of  both  will  on  use  indicate  equal 
quantities  of  kitchen  salt.  If,  therefore,  to  10  c.e.  of  urine 
we  had  to  add  125  c.e.  of  the  mercurial  solutiou  just  alluded 
to,  for  producing  the  turbidity  indicating  that  all  the  chloride 
of  sodium  is  converted,  then  12'5  c.e.  of  the  solution  of 
silver,  on  being  added  to  10  c.e.  of  urine,  will  precipitate 
the  whole  of  the  chlorine  without  any  silver  being  \e(t  in 
solution. 

As,  by  means  of  the  mercurial  solution,  we  can  ascertain 
in  a  few  seconds  how  much  of  the  solution  of  silver  it  is 
necessary  to  add  to  urine  containing  cldoride  of  sodium,  for 
the  purpose  of  removing  the  latter,  this  operation,  which 
otherwise  woidd  be  laborious  and  take  much  time,  is  divested 
of  all  inconvenience. 

Let  us  suppose  that,  for  15  c.e.  of  urine  precipitated  with 
the  solution  of  baryta,  corresponding  to  10  c.e.  of  the  original 


urine,  we  have  used  1 7\)  of  the  mercurial  solution  graduated 
for  kitchen  salt.     Wc  now  measure  with  a.  pipette 

30'0  c.c.  of  the  same  urine,  add 
35'0  c.c.  of  the  solution  of  silver, 

65  0  c.c. 
and  throw  the  mucture  on  a  filter. 

Of  the  filtered  liquid  wc  now  take  for  the  teat  of  urea 
always  one  half  of  the  number  of  cubic  centimetres  of  the 
mixed  Suid,  via.,  32-5  c.c,  in  which  there  are  contained  lOc.c. 
of  urine,  less  phosphatea  and  chlorides.  These  are  now  minted 
with  the  mercurial  solution  graduated  for  urea ;  and  the  quan- 
tity of  the  latter  is  thus  ascertained,  regard  being  always  had 
to  the  dilution  in  consequence  of  the  addition  of  the  solution 
of  silver. 

Modification  ref/uiretl  by  the  urine  containing  ammonia. — 
For  common  urine,  oue  volume  of  sohitiou  of  baryta  to  two  vol- 
umes of  urine  is  generally  sufficient  for  precipitating  the  whole 
of  the  phosphoric  and  sulphuric  acid  present,  and  leaving  asmall 
amount  of  baryta  in  solution.  If,  however,  the  urine  becomes 
alkaline  Irom  the  presence  of  an  alkaline  carbonate,  which 
most  commonly  is  carbonate  of  ammonia,  from  the  decompo- 
sition of  urea,  one  volume  of  solution  of  baryta  to  two  volumes 
of  urine  is  in  most  cases  iusufQcient  to  precipitate  the  whole 
amount  of  carbonic  acid.  It  therefore  will  l>e  necessary  to 
add  a  larger  amount  of  the  solutiou  of  baryta. 

K  three  volumes  of  the  solution  of  baryta  are  mixed  with 
four  volumes  of  urine,  17'5  c.c.  of  the  filtered  fluid,  corre- 
sponding to  10  c.c.  of  urine,  will  have  to  be  taken  for  the 
analysis  of  urea  by  precipitation.  Of  a  mixture  of  equal 
volumes  of  solution  of  baryta  and  urine,  20  c.c.  must  be  taken 
for  the  test ;  and  so  on  in  the  same  proportion. 

The  influence  of  the  decomposition  of  urea  will  in  many 
cases  not  prevent  the  same  results  from  being  obtained  in 
putnd  lurine  as  were  arrived  at  in  the  same  urine  when  fresh. 
Two  or  tlirce  days'  standing  will  generally  make  no  difl'er- 
eoce ;  but  after  that,  the  analysis  with  the  mercurial  fluid 
cannot  any  longer  be  depended  upon. 

If  exact  analyses  of  ammoniaeal  urine  be  required,  we  may 
either  fix  the  car)x)nic  acid,  and  transform  the  urea  present 
into  the  same  acid  and  ammonia  by  subjecting  a  quantity  of 
urine  to  Bunsen's  analysis ;  or  we  must  determine  the  am- 
monia and  urea  each  by  a  separate  process  in  two  separate 
portions  of  urine,  and  calculate  the  amount  of  urea  from  the 
ammonia  by  which  it  is  represented. 
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For  the  analvBiH  of  urea  in  this  kind  of  urine,  it  is  not 
precipitated  with  the  mixture  of  iiolutioii  of  haryta,  but  with 
ijaryta  water  ouly.  From  the  filtered  fluid  a  portion  is  taken 
corresiHrnding  to  10  c.e.  of  urine,  and  healed  in  a  water  bath, 
until  ammonia  is  no  longer  evolved.  This  expulsion  of  am- 
monia is  easily  effected,  beeause,  after  the  addition  of  baryta 
water,  which,  when  added  in  snffieient  quantity,  combines 
with  the  whole  amount  of  carbonic  acid  present,  the  whole 
amount  of  ammonia  is  contained  in  the  form  of  caustic  am- 
monia. In  the  fluid  thus  freed  of  ammonia,  urea  is  deter- 
mined by  the  mercurial  fluid. 

In  another  portion  of  the  urine  the  ammonia  has  to  be 
determined  by  one  of  the  ordinary  alkalimctncal  methods. 
The  most  convenient  test  is  dilute  sulphuric  acid,  which  may 
be  procured  by  mixing  lfi-333  grammes  of  pure  hydrated 
Hulphune  acid  with  as  much  water  as  will  raise  the  whole  of 
the  mixture  to  500  ex.,  or  1000  half  c.e.  Of  thi»  sulphuric 
acid  0'6  c.c.  exactly  saturate  5*66  milligrammes  of  ammonia, 
being  the  quanti^  produced  by  the  decomposition  of  10 
milligrammes  of  urea.  Every  cubic  centimetre  of  sulphuric 
acid,  therefore,  used  for  neutralizing  the  ammonia  of  urine, 
corresponds  to  20  milligrammes  of  urea  originally  contained 
in  the  urine. 

The  analysis  becomes  more  accurate  if  we  subject  a  known 
quantity  of  urine  (after  treatment  with  baryta)  to  distillation, 
collect  the  product  in  a  receiver  containing  a  known  volume 
of  the  graduated  sulphuric  acid,  which  must  be  more  than 
sufficient  for  neutralizing  the  whole  amount  of  ammonia  that 
passes  over.  The  quantity  of  free  acid  left  is  then  determined 
by  means  of  a  dilute  solution  of  ammonia,  graduated  upon 
the  dilute  and  graduated  sulphuric  acid.  If,  for  example,  we 
have  put  into  the  receiver  40  c.c.  of  dilute  sidphuric  acid, 
and  if,  after  partial  saturation  by  the  distillate,  we  yet  re- 
quire 15'0  c,c.  of  the  graduated  solution  of  ammonia  for 
neutralizing  the  acid,  then  a  quantity  of  ammonia  has  passed 
over  by  distillation  which  has  neutralized  -10  — 15  =  25  c.c. 
of  the  graduated  sulphuric  acid,  and  repreaents  250  milli- 
grammes of  urea, 

Modification  regvired  hy  the  pretence  in  vrine  of  certain 
nitrogenized  matters  not  being  urea. — Besides  urea  some 
other  bodies  are  precipitated  by  the  solution  of  nitrate 
of  protoxyde  of  mercury.  One  of  them  is  allantoine,  as 
has  been  shown  by  Dr.  Limpricht.'  It  has  been  stated  by 
Professor  Stadeler  that  he  found  allantoine  in  the  urine  of 
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4logs  labouring  under  difficultice  of  respiration.  Allan- 
toine  is  present  in  the  urine  of  the  sucking  calf;  hut  it  has 
never  as  yet  been  found  either  in  the  normal  or  patliolo- 
gieal  urine  of  man.  Even  under  circumstances  where  its 
occurrence  was  most  probable,  as  after  the  ingestion  into  the 
stomach  of  iiric  acid  or  \irate  of  ammonia,  when  the  usual 
products  of  the  decomposition  by  oxydation  of  that  body  are 
found  in  the  urine,  viz.,  urea  {an  excess)  and  oxalic  acid,  the 
third  produce  of  the  artificial  process,  allantoine,  eould  uot  be 
found  in  the  urine  even  by  such  a  chemist  as  Wohler.^  We 
may  therefore  he  quite  si^e  that  our  analyses  will  not  easily 
be  made  inaccurate  by  the  presence  of  that  body. 

There  are,  however,  some  nitrogenized  matters,  forming  an 
insoluble  precipitate  with  the  nitrate  of  mercury,  which  are 
of  more  frequent  oceurrcnce,  particularly  in  the  urine  of 
patients.  Klctzinsky,'  in  his  comparative  experiments  on 
the  value  of  different  methods  for  determining  the  quantity 
of  urea,  found  that  there  is  a  substance  present  in  urine, 
which,  by  its  property  of  being  precipitated  by  a  solution  of 
sugar  of  lead,  manifests  itself  as  different  &om  urea,  and  yet 
is  precipitated  along  with  urea  by  the  mercurial  solution. 
This  substance,  in  five  experiments  made  upon  healthy  urine, 
amounted  to  2,  3,  3,  3,  aud  4  per  cent,  of  the  urea ;  but  in 
the  urine  of  patients  it  would  rise  to  12  per  cent,  of  the 
urea  present.  Professor  Vogel  *  is  of  opinion  that  the  error 
in  some  cases  might  amount  to  20  per  cent,  of  the  urea 
present. 

This  error  must  lie  avoided  by  the  following  proceeding : 
Of  a  solution  of  sugar  of  lead,  acidulated  with  a  few  drops 
of  acetic  acid,  a  sufficient  quantity  is  added  to  urine  to  pre- 
cipitate the  whole  of  these  nitrogcnizcd  matters.  Some  of 
them  are  nearly  related  to  the  colouring  matter  of  urine, 
wliich  is  itself  precipitated  by  acetate  of  lead.  Any  excess 
of  the  solution  of  lead  must  be  removed  by  a  current  of 
sulphuretted  hydrogen.  After  filtering,  the  luine  may  be 
used  for  the  test  for  urea,  due  allowance  being  made  for  the 
dilution. 

Bunaeti's  ntethod  of  ascertaining  the  absolute  quantiiy  of 
urea  in  vritie,*^-!  have  already  stated  the  principle  of  this 
accurate  method.     Its  advantages  are,  that  it  may  be  used 


'  -AnMl.  d.  Chem.  unit  Pbirm.,'  Bd.  Gh,  pp.  340—341, 
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»  Loc.  cit.,  p.  244, 
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for  auy  description  of  urine,  without  requiring  either  cor- 
rection or  modification,  as  ncitlier  uric,  iiippuric,  or  benzoic 
arid,  nor  sugar,  albumen,  colouring  or  other  nitrogenouB 
matters,  esert  any  influence  over  the  results. 

Thirty  or  forty  grammes  of  urine  are  weighed  or  measured 
into  a  balloon;  from  8  to  10  grammes  of  a  very  concen- 
trated solution  of  chloride  of  barium  mixed  with  a  little 
ammonia  arc  added ;  the  balloon  is  closed  with  a  cork,  and 
the  mixture  is  well  shaken.  After  it  has  stood  until  the  pre- 
cipitate has  settled  to  the  bottom,  the  mixture  is  filtered 
through  a  filter  of  known  weight  on  a  fimnel,  the  tube  of 
which  is  drawn  to  »  long,  thin  point.  Of  the  clear  fluid,  25 
to  30  grammes  are  allowed  to  run  into  a  strong  glass  tube, 
closed  at  one  end,  and  containing  about  3  grammes  of 
aolid,  chemically  pure  chloride  of  barium.  The  weight  of  the 
tube  and  contents  is  determined  before  filling.  The  walls  of 
this  tube  round  the  upper  aperture  must  be  kept  quite  dry. 
The  weight  of  the  urine  filled  into  the  tube  ia  then  ascer- 
tained, after  which  the  tube  is  closed  by  the  blowpipe,  1" 
or  1  J"  above  the  level  of  the  fluid.  The  tube  ao  closed  is 
now  put  into  an  oU  bath,  and  for  three  or  four  hours  ex- 
posed to  a  temperature  of  from  428=  to  468=  F.  (220"^  to  1 
2-12"  C.)  After  the  tube  has  again  cooled,  it  is  opened  by  ' 
means  of  a  file  and  live  charcoal ;  the  crystals  of  carbonate 
of  baryta  arc  placed  on  a  filter,  washed  careftilly  with  water 
which  is  free  of  carbonic  acid,  and,  after  drying,  are  weighed. 
One  part  of  carbonate  of  baryta  corresponds  to  04041 
of  urea. 

The  precipitate  formed  on  mixing  the  urine  with  the  am- 
moniacal  solution  of  chloride  of  barium,  and  which  remained  ' 
on  the  filter,  is  then  also  washed,  dried  at  2 12°F.  ( 100°  C.) ,  and 
weighed.  The  weight  of  this  precipitate,  subtracted  from  the 
weight  of  the  urine  and  solution  of  chloride  of  barium,  gives 
the  total  weight  of  the  fluid,  of  which  we  have  put  from  26 
to  30  grammes  into  the  glass  tube.  From  the  urea  found 
in  the  latter,  that  contained  iu  the  whole  or  any  amount  of  1 
urine  may  be  calculated.  ' 

It  is  shorter  to  precipitate  the  phosphates  and  sulphates 
with  the  mixture  of  solutions  of  baryta  water  (two  volumes} 
and  nitrate  of  baryta  (one  volume),  as  described  for  Liebig'fl 
method.  Of  the  filtered  fluid  a  known  quantity  by  measure, 
say  250 c.c,  ia  poured  into  the  tube.  The  precipitate  on  the 
filter  is  left  out  of  the  question,  and  thereby  a  great  deal  of  j 
trouble  in  washing  and  weighing  is  saved.  The  analysis  cer- 
tainly is  thereby  made  less  accurate,  but  so  trifling  is  the 
error,  that  it  may  safely  be  allowed  to  pass. 
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Dr.  Davey's  method  of  delenninint/  l/ie  amoutit  of  urea  in 
uriBtf.i— This  method  is  founded  on  the  fact  that  urea  is  very 
readily  decomposed  by  the  hy|)Ochlorites  of  eoda,  potash, 
or  lime,  and  its  constituent  nitrogen  is  evolved  iu  the  gaseous 
state.  From  the  quantity  of  gas  evolved  the  amount  of  urea 
is  estimated. 

A  strong  glass  tube,  about  twelve  or  fourteen  inches  long, 
closed  at  one  eud,  and  its  open  extremity  ground  smooth,  and 
having  the  bore  not  larger  than  the  thumb  conveniently  can 
eover.holdiiigfromtwoto  three  cubic  inches,  each  divided  into 
tenthsandhundredthsbygraduationon  the  glass,  is  filled  more 
than  a  third  full  of  mercury,  to  which  afterwards  a  measured 
quantity  of  urine  to  be  examined  is  poured,  which  may  be  from 
a  quarter  of  a  drachm  to  a  drachm  or  upwards,  according  to 
the  capacity  of  the  tube ;  then  holding  the  tube  iu  one  hand 
near  its  open  extremity,  and  having  the  thumb  in  readiness 
to  cover  the  aperture,  the  operator  fills  it  completely  full  with 
a  solution  of  the  hypochlorite  of  soda  {taking  care  not  to 
overtlow  the  tube),  and  then  instantly  covers  the  opening 
tightly  with  the  thumb,  and  having  rapidly  inverted  the  tube 
once  or  twice,  to  mix  the  urine  with  the  hypochlorite,  he 
finally  opens  the  tube  under  a  saturated  solution  of  common 
salt  iu  water,  contained  in  a  steady  cup  or  small  mortar.  The 
mercury  then  Hows  out,  and  the  solution  of  salt  takes  it« 
place,  and  the  mixture  of  urine  and  hj-pochlorite  being  lighter 
than  the  solutiou  of  salt,  will  remain  in  the  up])cr  part  of  the 
tube,  and  will  therefore  be  prevented  from  descending  and 
mixing  with  the  rtuid  in  the  cup.  A  rapid  disengagement  of 
minute  globules  of  gas  soon  takes  place  in  the  mixture  in 
the  upper  part  of  the  tube,  and  the  gas  is  there  retained  and 
collected.  The  tube  is  then  left  in  the  upright  position  till 
there  is  no  fiirther  appearance  of  minute  globules  of  gas 
being  formed,  the  time  being  dependent  on  the  strength  of 
the  hj-pochlorite  and  the  quantity  of  urea  present ;  but  the 
decomposition  is  generally  completed  iu  from  three  to  foui- 
hours ;  it  may,  however,  be  left  much  longer,  even  for  a  day 
if  convenient,  and  having  set  the  experiment  going,  it  re- 
quires no  further  attention;  andwhen  the  decomposition  is  com- 
pleted,iti8only  necessary  to  read  the  quantity  of  gas  produced 
off"  the  scale  on  the  tube.  In  cases  where  great  accuracy  is 
required,  due  attention  must  be  paid  to  the  temperature  and 
atmospheric  pressure,  and  certain  corrections  made  if  these 
should  deviate  firom  the  usual  standards  of  comparison,  at 
the  time  of  reading  off  the  volume  of  the  gas;  but  in 
,   ?8a  i  bIhi    '  DuliUn   Iloipiltl 
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most   cases    sufficiently   near  approximations    to  accuracy 
may  be  obtained  witbout  reference  to  those  particalara. 

tVom  0,  number  of  experiments,  Dr.  Davcy  has  ascertained 
that  the  quantity  of  gas  evolved  from  difi'crent  amounts  of 
urea,  treated  in  the  way  just  described,  very  closely  approxi- 
mates to  the  quantity  of  nitrogen  gas  which  should  be  fur- 
nished from  the  urea  by  calculation.  Thus,  the  fifth  part  of 
a  grain  of  urea  should  famish  by  calculation  0'3098  parts  of 
a  cubic  inch  of  nitrogen  gas  at  60°  F.°  (15o'  C)  and  30"  bar. ; 
tlie  same  quantity  of  urea  treated  as  described  furnished  in  one 
experiment  0'3001,  and  in  another  0'30fi9  parts  of  a  cubic 
inch  of  gas  at  the  same  temperature  and  pressure ;  which 
shows  that  the  calculated  quantity  of  nitrogen  differs  from 
the  amount  of  nitrogen  gas  obtained  by  only  a  few  thou- 
sandths of  a  cubic  inch. 

If  the  relation  that  exists  between  a  certain  quantity  of 
urea  and  nitrogen  be  known,  we  can,  from  the  quantity  of  gas 
evolved  in  any  case,  easily  calculate  the  amount  of  urea  pre- 
sent by  the  simple  process  of  rule  of  three.  Thus  the  fifth 
part  of  a  grain,  or  0'2  of  a  grain  of  urea,  gives  by  ealctilation 
03098  parts  of  a  cubic  inch  of  nitrogen  gas.  Then  0-3098  : 
the  volume  of  gas  found  : :  0'2  :  the  required  quantity  of  urea ; 
or,  multiplying  the  first  and  third  terms  by  5,  we  have  I'SW 
cubic  inches  of  gas  representing  one  grain  of  urea,  which  is 
a  simpler  proportion. 

Comparative  experiments,  which  Dr.  Davey  made  with  his 
method  and  that  of  Liebig,  seemed  to  agree  very  closely.    In 
each   of   the    following    experiments    one   fluid    ounce    of 
urine  yielded  the  respective  quantities  of  urea  in  grains. 
Liebig's.  Davey's. 
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5-328 
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5-472 


In  the  first  and  second  experiments  with  Liebig's  test,  the 
quantity  of  common  salt  present  in  the  urine  was  taken  into 
account,  as  it  increases  the  apparent  quantity  of  urea  in  the 
urine.  In  the  third,  this  was  not  taken  into  consideration, 
and  the  quantity  of  urea  was  compared  with  the  mean  of  two 
results  obtained  by  Dr.  Davey's  method. 

The  hypochlorite  of  soda  is  preferable  to  that  of  potash  as 
a  decomposing  agent,  l>ccause  the  soda  salt  is  an  article  of 
the  pharmacopceia  under  the  name  "  sodie  chloriuata;  liquor," 
and  therefore  can  be  easily  procured ;  whereas  the  potash  salt, 
not  being  used  in  medicine,  would  require  to  Ih;  specially 
made  for   tbc  purpose.     The   bypueldoritc  of  Umc  is  not  so 


effectual,  and  has  the  diBadvautage  of  soiling  the  sides  of 
kibe  graduated  tube  by  the  car1x>uate  of  lime  formed  Id  the 
^"haction. 
jIq  reference  to  the  quantity  of  hypochlorite  of  soda  to  lie 
tiployed,  it  ahotild  always  be  used  iu  excess.  About  five  or 
X  times  the  vohime  of  the  urine  employed  will  be  found 
inerally  to  be  quite  sufficient,  and  ensure  there  being  an 
icess  of  the  hypochlorite.  The  amount  required  raay  be 
laily  determined  also  by  direct  experiment,  by  adding  to  a 
irtain  quantity  of  urine  to  be  examined  in  a  glaa»,  a  mea- 
ired  quantity  of  the  hypochlorite,  aud  leaving  it  for  a  short 
rae  till  the  evolution  of  gas  is  nearly  over ;  then  if,  on  the 
ddition  of  more  of  the  hypochlorite,  the  effervescence  is  re- 
eved, it  shows  that  there  was  not  enough  of  the  decomposing 
quor  first  employed,  and  more  must  be  added  from  time  to 
.me  till  no  further  evolution  of  gas  is  produced,  and  the  quan- 
ty  of  hypochlorite  used  to  arrive  at  this  poiut  indicates  the 
mount  necessary.  One  grain  of  urea  requires  somewhere 
bout  half  a  fluid  ounce  of  the  ordinan'  sodro  cldorinatse 
quor  for  its  complete  decomposition.  The  amount  of  mer- 
ury  employed  should,  as  a  general  rule,  be  never  less  than 
he  volume  of  gas  produced ;  for  if  the  volume  of  gaa  evolved 
le  more  than  that  of  the  mercury  used,  it  will  be  more  than 
hat  of  the  solution  of  salt,  and  therefore  some  of  the  mix- 
ure  of  urine  and  hypochlorite  wilt  be  forced  out  of  the  tube 
before  it  is  completely  decomposed,  and  consequently  some 
of  the  gas  will  be  lost ;  so  that,  if  this  occur,  we  must  re- 
peat the  experiment,  using  either  a  larger  quantity  of  mercury, 
rf  our  tube  will  allow,  or  diminishing  the  quantity  of  urine 
employed. 

It  might  be  supposed,  on  first  sight,  that  this  method 
would  be  liable  to  the  following  source  of  error,  viz.,  that 
some  of  the  gas  would  be  evolved  and  lost  during  the  pouring 
in  of  the  hypochlorite ;  but  this  is  not  the  cose,  as  several 
seconds  elapse  before  there  is  any  apparent  reaction  or  evo- 
lution of  gas  on  mLxing  the  hypochlorite  with  the  urine,  and 
there  is  therefore  full  time  to  perform  the  cxperiraeut  without 
any  loss  of  the  gas.  Dr.  Davey  has  also  ascertained  that  the 
acid  reaction  of  the  urine  does  not  affect  his  method.  But 
there  are  some  sbght  sources  of  error  connected  with  it,  the 
principal  one  being,  that  ammonia,  if  it  exist  in  the  urine, 
gives  rise  to  nitrogen  gas,  and  therefore  increases  the  apparent 
amount  of  urea;  but  the  same  objection  holds  equally  in 
Liebig's  and  Kageky's  methods,  the  two  most  accurate  at 
present  known.  Uric  acid  also  is  similarlv  affected  by  the 
hypochlorite ;  but  it  and  ammonia  ordinanly  occur  iu  such 
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Bmall  proportion  in  nrine,  that  the  error  produced  from  these 
substancefl  would  be  but  trifling,  and  is  partly  corrected  by 
taking  the  calculated  quantity  of  nitrogen,  which  is,  as  has 
been  shown,  something  more  than  that  olitaiued  from  a  cer- 
tain quantity  of  urea  by  direct  experiment. 

In  eases  where  ammonia  or  uric  acid  occur  in  more  than 
ordinary  quantity,  these  substances  must  be  separated  by  the 
usual  means  employed  before  having  recourse  to  this  method. 
This  object  would  be  effected  by  gently  heating  the  urine 
with  a  certain  quantity  of  baryta  water  as  long  as  the  odour 
of  ammonia  is  disengaged,  and  then  filtering  the  solution 
(see  p.  66). 

Another  source  of  error  is  that,  if  a  solution  of  the  hypo- 
chlorite of  aoda  alone,  or  standing  over  mercury,  be  exposed 
to  the  Ught  for  several  days,  it  will  very  gradually  evolve  a 
minute  quantity  of  oxygen,  which  shows  that  in  determining 
urea  we  should  not  allow  the  experiment  to  go  on  for  too  long 
a  time;  but,  if  left  for  a  day,  or  even  two,  it  will  scarcely 
make  any  appreciable  effect  on  the  quantity  of  gas  evolved 
in  testing  for  urea. 

The  reaction  which  appears  to  take  place  in  the  process 
seems  to  be  the  following  :  The  hypochlorite  of  soda  acting 
on  the  urea  gives  rise  to  the  formation  of  carbonic  acid, 
water,  and  chloride  of  sodium,  together  with  the  evolution  of 
nitrogen  gas.     Thus 

C,H4N30a   +   3(C1,0.  NaO)  =  2COH4HO  +  3ClNa+2N. 

Um.  Itjpoclilurile  of  sodx. 

The  nitrogen  is  evolved,  and  the  carbonic  acid  is  absorbed 
by  some  of  the  hypochlorite  of  soda  in  excess,  which  absorbs 
carbonic  acid  very  qiuckly  without  evolving  any  other  gas; 
and  Dr.  Davey  faiJed  in  several  experiments  to  detect  the 
smallest  portion  of  carlwnic  acid  in  the  gas  produced  bv  acting 
on  urea,  though  be  always  noticed  the  presence  of  a  very 
minute  quantity  of  oxygen  in  the  nitrogen  gas. 

Dr.  Davey  has  also  ascertained  that  several  of  the  sub- 
stances found  in  urine  during  disease,  as,  for  example,  sugar, 
albumen,  biliary  and  excess  of  urinary  colouring  matter, 
produce  scarcely  any  effect  on  the  results  obtained  by  this 
method. 

We  here  give  the  Hterature  of  other  methods  for  ascer- 
taining the  quantity  of  urea  in  urine  : 

Lecanu,  'Journal  de  Pharm.,'  vol.  xvii,  p.  651. — In  the 
form  of  nitrate. 


OBEA.  73 

Heintz,  'Poggend.  Ann./  vol.  Ixvi,  p.  114.;  vol.  Ixviii,  p. 
393 ;  Ragsky, '  Anual.  d.  Chem.  uud  Pharm.,'  vol.  liv,  p.  29. — 
In  the  form  of  (eulphate  of)  ammonia. 

Millon,  '  Compt.  rend.,'  vol.  xxvi,  p.  119. — In  the  form  of 
carbonic  acid  and  nitrogen. 

Draper,  'Jonm,  of  ftact.  Chem./  vol.  Is,  p.  381. 


Physiological  quantity  of  Urea. 

Numerous  experiments  have  shown  that  a  healthy  man, 
who  lives  well,  discharges  on  an  average  from  30  to  40 
grammes  of  urea  in  twenty-four  hours,  which,  calculated  upon 
one  hour,  gives  1-25  to  166  grammes.  This  average  must  of 
course  vary  a  little  according  to  the  size  of  the  individual ; 
and  in  the  individual  it  must  be  dependent  on  accidental  cir- 
cumstances, which  will  sometimes  change  it,  and  in  rare  in- 
stances will  produce  extreme  maxima  and  minima.  But  for 
practical  purposes  the  above  figures  are  valuable,  even  though 
subject  to  the  variations  mentioned.  It  would  be  a  much 
better  basis  for  comparative  researches  at  the  bedside,  if  the 
average  amount  of  urea  could  be  expressed  in  proportion  to 
certain  units  of  weight  of  the  body,  say  pounds  or  kilo- 
grammes, or  units  of  measure  of  length  of  body,  say  centi- 
metres. But  many  experiments  wUl  be  requisite  before 
such  a  basis  can  with  safety  be  given. 

It  would  be  useless  here  to  enter  into  any  speculation  or 
theory  on  the  mode  and  place  of  formation  of  urea  in  the  sys- 
tem. We  leave  it  undecided  whether  it  is  made  in  the  blood, 
or  blood- corpuscles,  or  in  the  muscles,  however  important  the 
decision  of  these  questions  mav  be.  But  one  great  fact  is 
undoubtedly  established ;  namely,  that  as  urea  is  the  prin- 
cipal product  of  the  metamorphosis  in  tbc  body  of  nitrogcnized 
food,  the  quantity  of  urea  must  stand  in  a  direct  relation  to 
the  quantity  of  food  taken ;  or,  if  little  or  no  food  be  taken, 
to  the  amount  of  nitrogenized  eomponent  parts  of  tbc  body 
disintegrated  in  the  place  of  food.  In  this  sense  must  he 
taken  the  expression  that  urea  is  the  measure  of  dissimilation, 
if  I  may  be  allowed  to  use  this  tenn  as  the  antithesis  of  assi- 
milation. "  Der  Hamstoff  ist  das  Maass  des  Stoffwecbsels," 
says  Bischoff.  And  this  is  so  nearly  true  that  (with  a  slight 
modification  of  the  sentence)  we  may  say — -the  amount  of 
urea  is  the  measure  of  the  most  important  part  of  the  change 
of  matter  in  the  system.  The  infetutity  of  the  change  is  ex- 
pressed by  the  amouui  of  urea  in  the  urine.  More  urea  is 
produced  during  waking,  than  during  sleep ;    more  during 
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bodily  and  mental  exertion,  than  during  an  pqnal  period  of 
inactivity.  A  large  amount  of  nitrogeiiized  food  takca  into 
the  stomach  will  increase  the  amount  of  urea  above  the 
average ;  a  small  amount  of  vegetable  food  will  make  it  eink 
below  the  ordinary  medium. 

In  calculating  the  discharge  of  urea  with  regard  to  time, 
we  must  take  care  not  to  lose  sight  of  the  fact  that  the  pro- 
duction of  a  given  quantity  witbin  a  certain  time  may  appear 
larger  or  smaller  according  to  certain  circumstances,  which 
retard  or  facilitate  the  secretion  of  the  kidneys.  If  the 
amount  of  fluid  discharged  as  uriue  become  very  small,  the 
amount  of  urea  discharged  lu  a  given  time  will  also  be  smaller 
too,  owing  no  doubt  to  a  part  of  the  urea  formed  being  re- 
tained in  the  system,  particularly  in  the  blood  and  muscles. 
If,  on  the  contrary,  the  kidneys  have  to  discharge  a.  larger 
amount  of  water,  the  total  quantity  of  urea  will  be  raised 
above  the  average;  because  an  amomit  of  urea  which,  under 
ordinary  circumstances,  would  be  retained  in  the  system  for 
a  time,  is  discharged  with  this  increased  bulk  of  water.  This 
is  the  case  for  solids  gcneraUy,  and  we  may  well  say  that 
a  large  quantity  of  water  acts  as  a  diuretic  so  long  as  there 
arc  soluble  substances  in  the  blood  to  be  carried  away 
with  it. 


Pathological  indications. 

If  the  amount  of  urea  remain  above  or  below  the  average 
for  any  length  of  time,  so  that  the  possibihty  of  an  accidental 
variation  is  excluded,  it  is  a  symptom  of  disease. 

I  will  first  consider  the  excess  of  urea.  It  is  common  in 
the  stadium  incremenli  up  to  and  over  the  acme  of  all  acute 
febrile  diseases,  such  as  typhus'  and  pneumonia,  &e. ;  and  the 
total  quantity  of  urea  discharged  iu  twenty-four  hours  may 
amount  to  50,  RO,  or  80  grammes  (A.  Vogel),  being  double 
the  amount  of  that  discharged  during  healtli.  This  increase 
becomes  a  more  important  feature  of  disease,  when  the  in- 
gestion of  nitrogenizcd  matter  falls  to  a  miuimmn  at  the 
same  time;  in  other  words,  because  these  patients  have 
mostly  uo  appetite,  and  if  tliey  have,  are  obUged  to  restrain 
it  by  the  dietetic  rules  of  their  medical  attendant.     As  soon, 

'  Dr.  Alfred  Vogcl,  Himuntcnucliiiiigcn  ntch  Liebig"!  neucr  Melbode.  Heale 
und  Pfeufer,  '  ZelMchrJd  Tut  ralionelle  Medicin,.'  Neue  Polgr,  Bud  i,  1894, 
p.  362.     Alio  the  uine  (utbDr't  ■  MoiK^raph  on  Typhui.' 

For  lome  ptrticulan,  lee  lb«  rcvicn  of  Dr.  Siromcyer'a  vork  on  Tfpbni,  in 
■Abiof.  Med.  JDumil,'  1956, p.  16. 
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bowevefj  as  the  ferer  haa  abated,  the  amoimt  of  nrea  will 
sink ;  and  that  the  lower  below  the  normal  quantity,  the  less 
foo<l  the  patients  are  able  to  take  from  the  continuance  of  loss 
of  appetite,  or  from  the  inadequacy  of  the  organs  of  digestion 
to  perform  their  task.  But  as  the  patients  recover  appetite 
and  strength  the  amount  of  urea  rises  to  its  usual  height. 
The  same  process  is  observed  during  the  esaeerbations  of 
chronic  disease,  which  in  fact  constitute  an  acute  episode  in 
the  long  train  of  symptoms.  So  an  exacerbation  of  phthisis 
may  be  accompanied  by  urine  similar  to  tliat  of  an  attack  of 
pneumonia,  containing  an  excess  of  urea. 

But  in  diseases  which  are  chronic  and  accompanied  by 
impaired  nutrition,  the  amount  of  urea  sinks  below  the 
average. 

The  lowest  amount  of  urea  which  I  have  ever  observed  to 
be  discharged  by  a  patient  during  twenty-four  liours,  was  75 
grains,  in  200  Huid  drachms  of  pale,  faintly  alkaline  urine, 
This  was  from  a  lady  suifering  from  an  ovarian  tumour,  for 
which  she  had  been  salivated  several  years  ago.  The  growth 
of  the  tumour  had  been  arrested  since  that  time,  but  an  anse- 
miated  condition  of  tlie  body  bad  established  itself,  against 
which  all  treatment  was  tried  in  vain. 

So  low  an  amoimt  of  urea  as  75  or  90  grains  in  twenty- 
four  hours  generally  only  occurs  towards  the  fatal  end  of 
diseases,  when  not  only  the  production  of  luxja  is  very 
limited,  but  also  the  excretory  activity  of  the  kidneys  begins 
to  become  languid. 

The  diminution  of  the  quantity  of  urea  may,  however,  be 
due  to  the  failure  of  the  excretory  activity  of  the  kidneys  only, 
though  at  the  same  time  an  excess  may  be  produced  in  the 
system.  The  excess  is  then  retained  in  the  blood,  tissues,  and 
juices  of  the  body,  and  causes  the  cachexia  commonly  known 
aa  unemia,  which,  if  it  be  true  that  the  products  of  decompo- 
sition of  urea,  namely,  ammonia  and  carbonic  acid,  are  the 
materiea  et  cau»a  morbi,  had  better  be  called  ammonsmia. 
When  urea  is  retained  water  is  also  mostly  retained  in  part, 
and,  by  its  effusion  into  the  caiities  and  cell i Jar  tissue,  causes 
dropsical  disease.  Urea  may  then  be  detected  in  most  se- 
cretions, excretions,  exudations,  and  effusions.  It  is  the 
same  with  drojisical  effusions  firom  other  causes :  they  contain 
in  solution  an  amount  of  urea  derived  from  the  blood,  hut  in 
these  cases  the  impairment  of  the  excretory  activity  of  the 
kidneys  is  a  secondary  symptom,  and  scarcely  ever  causes 
that  amount  of  retention  of  urea  which  may  lead  to  unemia. 
And  even  then  the  kidneys  may  be  stimulated  by  diuretics 
or  by  exercise,  or  a  spontaneous  rally  of  the  system  may  re- 
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TiTe  tbor  ezcrvtorj  actiiitj^  wlm,  with  a  Ivgc  anomit  of 
mine,  a  propoitioiiallj  lai^  qoimtitj  of  urea,  vliidi  has 
been  aoeamnlated  in  the  sjstem^  mmj  be  dtaduuiged.  The 
amount  of  mea  will  here  indicate  the  amoont  of  depnraiian 
effected,  juat  at  in  retention  of  nrea  the  amaller  amount  dia- 
ehai^f^  will  aDow  na  to  cdmlate,  taking  the  whcde  case  into 
ocmaiderationy  the  amount  prodnoed,  and,  bj  sobtraction,  the 
amount  retained  in  the  bkxxL 


CHAPTER    IV. 
UBIC   ACID. 


Composition  and  History. 


Symbol :  U. 
for  UK)  parts  : 


The  composition  of  uric  acid  ia  the  following 


Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Water 


100-000 
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Thia  gives  the  formula  CjHNjOa+HO,  being  half  the  for- 
mula of  some  authors.  We  adopt  the  formida  of  Gerhardt,' 
C,„HNp„+4Aq=C|„H2NjO«,2HO  +  4Aq.  We  shaU  find 
this  formula  more  convenient  for  explaining  the  composition 
of  the  urates. 

Uric  acid  was  discovered  and  described  by  Schcclc'  in  1 776, 
as  the  constituent  of  urinary  calculi.  As  from  its  properties 
it  appeared  to  be  an  acid,  Morveau'  gave  it  the  name  of  Hthic 
acid.  The  labours  of  Bergmann*,  and  of  Fourcroy  and  Vau- 
quclin,'  are  of  importance  in  the  history  of  this  substance,  as 
following  and  confirming  the  observations  of  Seheele. 
Fourcroy  changed  the  name  of  lUfiic  to  that  of  uric  acid, 
the  name  now  universally  ^opted.  The  following  is  the  rest 
of  the  historical  literature  : 

Brvgnatelli,  '  Ana.  de  Chim,'  vol.  xsviii,  p.  56. — Found 
oxalic  acid  by  decomposition  with  NOj. 

'  Loc.  cit.,  p.  iU 

'  '  Koiigl.  Vel.  Ac«d.  Hwidbl.,'  1776.  p.  ,137,  Solipfk'*  'Chemical  Esuys," 
p.  199. 

'  ■  Eacfd.   Mfth.  d«   Chim 
Chimir,'  p.  318. 

*  •  Rongl.  Vet.  Acad.  Handbl.,'  1776,  p.  333 

*  'Ann.  de  Chimie,'  xvi,  63,  and  »Til.  225  ind  2S6. 


"  Acideai'     or,   Laiaialer'i  '  TraJlj   dc 
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Pearson,  'PWIob.  Transact.,'  1798.  p.  15. 

Gay-Luagac,  'Ann.  de  China.,'  toI.  xcvi.,  p.  53. — First 
elementary  analysis. 

Henry,  '  Mem.  of  the  Lit.  and  Phil,  Soc.  of  Manchester,' 
2d  series,  vol.  ii  (1813). 

Birard,  'Ann.  de  Chim.  ct  de  Phys.,'  vol.  ccxcii  (1817), 

Proul,  '  On  the  nature  and  proximate  principles  of  Urine,' 
*  Medico-Chir.  Trans.,'  1817. 

KoHweiss,  '  Poggendor'ff's  Annal,,'  vol.  xis,  p.  1  (1830). 

Mitscherlich,  ibid.  vol.  xxxiii.  p.  335. 

laebiff,  'Annalen  d.  Phann,,'  vol.  s,'p.  47  (1834). 

Chevallier  and  Laasaigne,  *  Ann.  de  Chim.  ct  de  Phys.,'  vol, 
xiii,  p.  158. 

If'ahtfr  and  Liebig,  '  Annal.  d.  Pharm.,'  vol.  xxvi,  p.  241 ; 
'Ann.de  Chim.  ct  de  Phys.,'  vol.  Ixviii,  p.  225  (1838).— 
The  nature  of  uric  acid  and  all  its  derivatives  finally  es- 
tablished. 


Ocairrenct  of  Uric  Acid,  and  methodn  of  obtaining 
it  pure. 

Uric  acid  is  a  constant  ingredient  in  urine,  from  which  it 
may  be  obtained  in  crj'stals,  and  combined  with  bases,  by 
cautious  concentration,  or  by  precipitation  with  an  acid.  It 
constitutes  many  sediments  and  urinary  calculi,  and  patho- 
logically is  found  in  the  blood  and  gouty  concretions.  It  is 
found  in  the  urinary  excrements  of  many  animals,  from  the 
common  snail  upwards.  The  urine  of  birds  chiefly  consists 
of  nratea,  so  that  100  kilogrammes  (or  parts)  of  guano  may 
be  made  to  yield  (by  Bensch's  method ')  2J  kilogrammes  (or 
parts)  of  chemically  pure  uric  acid.  The  cscrements  of  ser- 
pents consist  of  almost  pure  urate  of  ammonia,  and  therefore 
they  are  the  most  convenient  material  for  procuring  pure  uric 
acid.  These  excrements,  if  in  large  solid  whitepieees,  command 
a  price  at  present  of  from  nine  to  ten  shillings  the  pound.  For 
obtaining  pure  uric  acid  from  them,  the  following  process  is 
used :     The  excrements,  after  lieing  reduced  to  a  powder,  are 

■  '  Annsl  d.  Chctn.  und  Phirm.,'  iTiii.  p.  !G'(.  For  other  method*  to  obUin 
uric  tcid  Croni  calculi,  excremcals  of  pigeoni,  chicken,  uid  Eiea  from  hiunui 
Brine.  »ee— 

ItuHger,  'ArctiiT  d.  Pharm.,'  ii,  p.  132. 

Landcrer.  "  Journ.  de  Phann.'  (3),  lil,  p.  439. 

Arppe  (1853),  'Ann.  d.  Ctero.  und  Pliann.,'  liiivii,  p.  237. 

ThMe  methods  uie  borax  initeid  of  canitic  alkali.  Arppe  obtained  0-33  per 
cent,  of  pure  unc  acid  from  eicrcmenti  of  pigeons.  (Gerhardt.  loc.  cil„  p.  546.) 

Th«  method  of  DellTs  ii  much  like  the  one  here  diseribed,  tidf  '  Poggcnd. 
Anna).,'  lisii,  p.  311.     Liehig  and  Kopp, '  Jahrrshericht,'  IS40,  p.  408. 
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dissolved  by  means  of  heat  in  a  ley  of  caustic  potash  or  soda 
(one  part  of  solid  alkali  dissolved  m  ten  parts  of  water),  and 
boiled  until  ammonia  is  no  longer  evolved.  The  solution  is 
now  filtered  through  paper,  after  which  a  current  of  carbonic 
acid  is  made  to  pass  through  it  until  the  precipitate,  which 
at  first  is  jelly-like,  becomes  granular,  and  sinks  to  the  bottom 
of  the  vessel ;  that  is,  until  the  fluid  has  become  quite  neu- 
tral. It  is  advisable  to  let  the  fluid  with  the  precipitate  stand 
over  night.  The  precipitate  is  the  aeid  xirate  of  the  alkali ; 
it  is  put  on  a  filter  and  washed  with  cold  (iced)  water,  until 
the  filtered  fluid  and  water  used  for  washing  become  turbid. 
This  is  unnecessary  when  white  excrements  of  snakes,  or  even 
red  calculi  from  man,  are  employed,  as  the  precipitate  is 
mostly  perfectly  white.  The  salt  so  obtained  is  again  dis- 
solved in  the  dilute  alkaline  ley,  made  boiling  hot,  and  is  then 
poured  into  dilute  hydrochloric  acid,  which  must  be  more  than 
sufficient  to  neutralize  all  the  alkali.  Perfectly  white  and 
pure  uric  acid  is  hereby  precipitated,  and,  after  decanting, 
filtering,  and  washing,  is  dried.  It  consists  of  small  scalee, 
being  irregular  rhombic  plates. 

Physical  properties  of  Uric  Acid. 

Uric  acid,  when  crystallizing  slowly  from  a  solution, 
appears  in  dendritic  crystals,  which  may  sometimes  attain 
the  length  of  J  or  i  inch,  and  contain  21  5  per  cent.  =  4  atoms 
of  water,  of  which  a  part  is  given  off'  at  the  ordinary  tempe- 
rature. On  adding  to  the  solution  of  a  urate  some  hydro- 
chloric or  nitric  aeid,  uric  acid  is  precipitated  as  a  jelly-like 
mass,  which  is  transformed  into  anhydrous  scales  by  warming 
the  fluid. 

When  dry,  uric  acid  is  a  white,  light  powder,  of  a  satin 
lustre,  and  consists  of  small,  delicate  scales  with  irregular 
outline,  the  rhombic  plate  sometimes  defined.  It  is  destitute 
of  taste  and  smell.  It  is  nearly  insoluble  in  cold  water,  sparely 
soluble  in  hot.  One  part  of  the  acid  requires  for  solution 
1800  to  1900  parts  of  boiling  water,  and  14,000  to  15,000 
parts  of  water  at  68°  F.  {Uif  C.)  The  watery  solution  faintly 
reddens  litmus  paper. 

Uric  acid  is  a  little  more  soluble  in  hydrochloric  acid  than 
in  water.  Boiling  hydrochloric  acid  dissolves  a  considerable 
quantity  of  it ;  it  crystallizes  partially  on  cooling,  and  com- 
pletely on  evaporation  of  the  acid.  In  siilphnric  acid,  uric 
acid  is  soluble  without  decomposition,  and  is  precipitated  from 
this  solution  by  the  addition  of  water. 
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Uric  acid  is  ineolulile  in  alcohol  aiid  ether. 

Uric  acid  is  witti  facility  diseolved  in  a  solution  of  the 
common  or  tribaaic  phosphate  of  soda,  as  also  in  solutions  of 
many  other  salts  of  the  alkaliea,  paj-ticularly  in  higher  tem- 
perature*. In  these  caeea  uric  acid  combines  with  part  of  the 
base,  and  thereby  gives  rise  to  the  formation  of  acid  salts, 
which  impart  to  the  solution  an  acid  reaction.  Of  these  pro- 
cesses we  shall  have  to  speak  when  treating  of  the  sediments. 


Cry  at  allograpky . 

Tlie  most  perfect  and  pure  crystals  of  uric  acid  that  can  be 
obtained  are  oblong  square  plates ;  and  if  it  were  not  for  the 
combinations,  the  plates  themselves  would  pass  as  rectangular 
and  quadratic,  but  in  fact  they  are  rhombic  plates  with  ex- 
trcmdy  obtuse  angles.  A  secondary  prism  may  take  ofl'  the 
angles  of  the  primary  plate  {plate  or  scale  being  only  another 
expression  for  flat  prism,  or  prism  in  which  only  two  axes  are 
developed).  When  the  secondary  prism  begins  to  predominate, 
we  have  an  hexagonal  plate.  In  this  form  uric  acid  is  fre- 
quently obtained  in  precipitating  it  with  acetic  acid  from  its 
ammouiacal  solution.  In  this  form  it  also  crystallizes  from 
its  solution  in  hydrochloric  acid.     Plate  1,  fig.  5  and  6. 

In  many  cases  the  one  pair  of  opposite  angles  of  a  plate 
become  more  acute,  the  other  more  obtuse ;  and  plates  may 
be  observed  varying  from  the  rectangular  form  to  that  of 
needles.  To  these  elementary  forms  all  the  crystals  of  urio 
acid  occurring  either  in  the  form  of  spontaneous  deposits  in 
the  urine  or  as  products  of  a  chemical  process  may  be 
referred. 

Occasionally  twin  crystals,  composed  of  two  rhombic  plates 
crossing  at  right  angles,  or  at  an  angle  of  45°,  are  observed. 
There  is  another  multiplication  of  spinous  crystals  imitating 
the  square  plate,  or  placed  u|)on  the  square  plate.  This 
modification  is  usually  large,  and  frequently  obtained  from 
urine  by  the  addition  of  nitric  acid. 

The  reader  being  thus  in  possession  of  the  regular  forms  is 
enabled  to  classify  all  the  irregularities  usually  occurring  in 
spontaneous  deposits.  He  will  at  a  glance  he  able  to  put  each 
of  the  forms  in  figure  1  ou  Plate  II  in  its  proper  place. 

The  common  rhombic  plates  of  uric  acid  deposits,  when 
formed  rather  quickly  round  another  substance,  such  as 
granules  of  urates,  present  holes  in  their  substance,  and  irre- 
gularities, such  as  usually  attend  a  hasty  formation.  The 
obtuse  angles  frequently  become  rounded  off,  less  frequently 
the  pointed  angles.   In  both  cases  the  rhombic  plates  become 
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oval.  Tliis  rounding  off  of  the  obtuse  angles  is  characteristic 
of  the  so-called  lozeugca. 

It  would  be  useless  to  describe  all  tbe  varieties  of  crystal- 
lization in  which  uric  acid  deposits  may  occur.  If  the  reader 
is  once  acquainted  with  the  types,  he  will  liave  no  difficulty 
in  classing  any  deposit  that  may  occur  to  him.  As  yet  no 
rule  has  been  found  according  to  which  one  or  the  other  of 
the  varieties  of  crystals  is  formed.  Concentration  and 
temperature  of  the  urine,  the  relative  quantities  of  its  ingre- 
dients, particularly  the  absence  or  presence  of  colouring 
matter,  and  its  amount,  tbe  nature  and  quantity  of  the  acid 
by  which  uric  acid  is  precipitated,  determine  tbe  nature  of 
the  erystallization.  It  is  tlie  same  in  producing  crjatals 
artificially.  If  the  urine  be  kept  iti  a  warm  place  for  that 
purpose,  the  crystals  will  lie  tbe  largest  that  can  be  obtained 
by  any  means.  I  have  obtained  crystals  one  quarter  of  an 
inch  in  length. 

Uric  acid  has  the  property  of  polarizing  light.  The  large 
plates  obtained  artiticially  polarize  only  faintly,  as  they  are 
invariably  covered  with  a  sort  of  dew.  But  the  more  trans- 
parent the  crystals  become,  the  more  beautifiil  will  lie  the 
colours  tliey  exhibit  under  polarized  bght.  Crystals  obtained 
from  urine  by  acetic  acid  and  from  a  solution  in  hydrochloric 
acid  are  particularly  suited  for  the  experiment  on  polarization. 

Meiainnrphoses  of  Uric  Acid  by  different  agents. 

Under  the  influence  of  heat,  urie  aeid  is  dceompoaed 
without  being  fused.  By  Ary  distillation,  a  sublimate  is 
obtained,  consisting  of  cyanuric  acid,  urea,  carbonate  of 
ammonia,  and  cyanide  of  amtnunium.  At  the  same  time  a 
great  deal  of  hydrocyanic  acid  escapes,  and  some  carbon 
remains  behind,  which  is  porous  and  contains  nitrogen. 

Concentrated  nitric  acid  (4  parts  of  142  specific  gravity) 
dissolves  nric  acid  (1  part)  under  effervesceuce,  carbonic  acid 
and  nitrogen  being  disengaged.  The  reaction  consists  in  the 
formation  of  alloxan,  urea,  and  nitrous  acid  ;  the  latter  decom- 
posing urea,  in  tbe  moment  of  formation,  into  carbonic  acid 
and  nitrogen  {vide  Urea,  p.  46) .  Alloxan  remains  in  large 
colourless  rhombic  octahedra,  which  are  disintegrated  under 
the  influence  of  air,  and  are  readily  soluble  in  water.  The 
solution  reddens  litmus  paper,  and  imparts  a  purple  colour  to 
the  skin. 

On  dissolving  nric  acid  in  dUute  nitric  acid,  allo^autine  is 
obtained,  which  is  distinguished  by  producing  a  purjjle 
reaction,  when  ammonia  is  added  to  its  warm  solution. 
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Thki  eolour  is  due  to  tlie  ibniiatioii  of  mmnide^  odmirae 
knovn  under  the  name  of  parpunite  of  ammnnim.  This 
reaction  is  diagnostic  of  oric  acid. 

On  making  oric  acid  and  water  into  a  pup  and  gradnaDT 
adding  peroxvde  of  lead,  and  keeping  die  mixture  near  the 
lioiliiig  pointy  the  lead  is  transSdrmed  into  the  oxalate  of  lead, 
carbonic  acid  is  erolved  with  efferresoenoe,  and  the  filtered 
fluid  deposits  crystals  of  allantoine  on  cooling.  Hie  mother- 
liquor  j-ields  urea. 

This  reaction  consists  in  the  first  instance  in  the  trans- 
frjrmation  of  uric  acid  into  allantoine,  carbonate  of  lead  being 
formed.  Part  of  the  allantoine  is  further  decomposed  into 
urea  and  oxalic  acid. 

C,^H,N,0^  +  2HO  +  2Pb  Oj  =  C^H^N^O,  +  2(PbO,  CO^ 

Uric  acid.  Wtlcr.     Peroivdeof        AlUntoine.    Cubonsle  of  lead. 

lead. 

CJl^N.O^  +  2HO  +  2Pb02  =  2(C,H^NjOJ  +  2(PbO,  C,0,) 


^     c 


Allantoine.        Waler.     Peroxyde  of  Urei.  Oxalate  ofleftd. 

lead 

All  substances  derived  from  uric  acid  may  be  transmuted 
eit}i(;r  into  urea  and  oxalic  acid,  or  into  urea  and  mcsoxaUc 
acid.  This  has  led  to  the  assumption  of  three  radicals 
in  uric  acid,  of  which  the  one,  Cy  (cyanogen),  is  the  radical 
of  urea ;  the  second  one,  Cfi^  (oxalyl),  the  radical  of  oxalic 
a^riri ;  and  the  third,  C3O3  (mesoxalyl),  of  mesoxaUc  acid. 
l;|K)n  thiH  basiH  the  derivates  of  uric  acid  have  been  grouped 
by  (ierhardt^  as  follows  : 


Uric  Acid  Group, 

a,  Cyan-mesoxalic  acid  sub-       A.  Cyan-oxalic     acid     sub- 
group, group. 

Uric  acid. 

Alloxan.  Parabanic  acid. 

Dialuric  acid  1  Hydrogenized 

AUoxantine   j      Alloxan. 

Allantoine. 
McsoxaUc  acid.  Oxalic  acid. 

Urea. 

'  Loc.  cit.,  p.  544. 


It  will  be  found  useful  to  have  mentioned  these  rclatton», 
as  we  shall  have  to  explain  several  phenomena  on  tlicir 
basis. 


Determination  of  Uric  Acid  in  Urine} 

On  adding  to  the  solution  of  any  \irate,  either  hydrochlorio, 
nitric,  or  acetic  acid,  uric  acid  is  precipitated.  If  the  solution 
of  the  urate  is  concentrated,  the  precipitate  will  fall  imme- 
diately, and  consists  of  amorphous  hydrated  uric  acid, 
becoming  crj'stallinc  by  heat  or  standing.  But  if  the  solution 
is  dilute,  no  immediate  precipitate  is  formed,  but  crystals  of 
uric  acid  form  after  some  (twenty-four  to  forty-eight}  hours 
of  standing ;  and  they  will  be  the  larger  in  proportion  to  the 
time  required  for  their  formatiou. 

To  obtain,  therefore,  uric  acid  from  urine,  it  is  precipitated 
by  the  addition  of  an  acid,  no  matter  whether  the  urine  is 
normal,  or  contains  sugar,  albumen,  or  any  of  the  soluble  con- 
stituents of  blood.*  If  the  urine  be  normal,  and  coutain  no 
albumen,  nitric  acid  is  best  used,  and  the  urine  is  allowed  to 
stand  in  a  warm  place,  a  sand-bath,  or  any  warm  corner.  A 
temperature  of  98°  F.  (ZQ-GT  C.)  has,  moreover,  the  advantage 
of  not  admitting  the  precipitation  of  any  urates,  which  are  not 
easily  acted  upon  by  the  dilute  acid.  The  crystals  formed  in 
higher  temperatures  arc  much  larger,  and  therefore  much 
easier  to  be  collected,  than  those  produced  at  the  ordinary 
temperature.  A  quantitative  analysis,  therefore,  has  better 
chances  of  accuracy  in  this  way.  1  do  not  recommend  hydro- 
chloric acid  for  precipitating,  because,  uric  acid  being  more 
soluble  in  it  than  in  water,  the  analysis  becomes  incorrect. 
In  some  instances  (for  example  a  case  of  chronic  rheumatism) 
I  have  obtained  no  definable  precipitate  by  hydrochloric  acid 
in  a  sample  of  the  same  urine,  in  which  nitric  acid  pi-oduced 
a  number  of  large  plates  ou  the  surface  of  the  fluid  and  the 
sides  of  the  glass.  Moreover,  hydrochloric  acid  favours  the 
acid  fermentation  and  development  of  certain  descriptions  of 
confer  void  vegetations,  which  act  as  yeast-cells  on  the 
urates,  decomposing  them  very  rapidly.  This  process  is 
entii'ely  prevented   by   nitric   acid.     If  the   urine   contain 

I  lleintz. '  l>ogg«nd.  Ann.,'  \\\,  p.  I2Z.  L«hmuin,  ■  Journ.  Tiir  Precl.  Cliem.,' 
uv,  )J.  17;  ■Leiirli.  iler  Phjiial.  Cheni.,'  IB53,  i,  p.  197.  Detnattilration  of 
Uric  Acid,  ridi  E,  i.  Gorup.BcMnez.  'Anicit.  tiir  Zoochem.  Aiulpc,'  1B51. 
2il  edit .  i>.  1116. 

'  0«rtiHrdt,  lordt,,  \%.  549. 


albnmen,  acetic  acid,  or  the  common  phosphoric  acid,  are 
beat  iiacd.  The  crystallizatiou  of  uric  acid  may  be  said  to  be 
completed  whcu  all  the  crvHtaU  are  of  nearly  uniform  sise. 
But  as  we  possess  no  other  indication  on  thiB  point,  the 
acidulated  fluid  must  be  allowed  to  stand  rather  lon^r,  to 
make  sure  of  a  perfect  precipitation.  The  crystals  are  col- 
lected into  a  deposit,  washed  by  decanting,  an<i  collected  on 
a  filter. 

It  has  been  estimated  by  Heintz  that  the  loss  incurred  by 
the  imperfect  insolubility  in  acidulated  urine  of  nrie  acid 
amounts  to  9  parts  in  100,<XX)  of  the  urine  used  for  the  analysis, 
and  that  this  loss  is  not  increased  by  the  presence  of  sugar, 
albumen,  or  the  soluble  constituents  of  blood.  In  all  cases 
this  loss  is  compensated  by  a  certain  amount  of  red  or 
brownish  colouring  matter,  which  is  mechanically  but  inti- 
mately adherent  to  the  particles  comi)Osing  the  crystals. 
If  the  urine  contain  bile,  the  uric  acid  crj-stals  may  contain 
BO  much  colouring  matter,  that  it  may  be  necessary  to  purify 
them  of  it.  Tliis  result  is  best  obtained  by  the  following 
method  of  Lchmaun  : 

The  urine  ia  evaporated  to  the  consistence  of  a  syrup, 
which  is  extracted  with  alcohol.  The  insoluble  part  is  treated 
with  a  dilute  solution  of  cauatic  potash ;  the  solution  so 
obtained  is  made  boilinp  hot,  and  precipitated  by  acetic  acid, 
when  all  the  uric  acid  falls  down  in  a  pure  state.  It  is  freed 
from  the  adherent  impure  fluid  by  washing  with  water  con- 
taiutug  some  acetic  acid.  To  the  weight  of  the  uric  acid  so 
obtained,  the  above  estimated  loss  must  be  added.  In  speak- 
ing of  quantities  it  mny  be  as  well  to  mention  that,  for  the 
quantitative  analysis  by  precipitation,  a  measured  quantity  of 
urine  of  not  less  than  10()  c.c,  or  letter,  150  c.c,  is  neces- 
sary. To  this  in  a  beaker  are  added  5  per  cent,  of  the 
ordinary  acids.  For  this  method  it  is  moreover,  from  obvious 
reasons,  advisable  not  to  use  urine  of  a  very  low  sjiecific 
gravity  ;  but  if  the  latter  be  less  than  1012,  to  concentrate 
the  fluid  by  evaporation  on  tlic  water-bath  to  about  the  normal 
average  specific  gravity.  For  the  method  of  Lehmann,  about 
50  C.C.  of  urine  will  be  sufficient  to  give  tolerable  results ; 
though  here,  as  everywhere,  the  relative  loss  diminishes  in 
proportion  to  the  increase  in  the  quantities  operated  on. 

The  precipitate  of  uric  acid  obtained  by  either  method, 
after  being  collected  on  a  filter  of  known  weight,  and  there 
once  more  washed  with  water  acidulated  with  acetic  acid,  is 
now  dried  in  the  hot-water  bath.  When  dry,  it  is  placed 
between  two  watch-glasses,  fitting  closely  to  each  other  by 
ground  edges,  and  held  together  by  brass 'clips  made  for  that 
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purpose.  This  apparatus  is  now  placed  over  sulphuric  acid 
imtii  cool ;  its  weight  aiid  that  of  the  filter  being  known 
beforehand,  the  increase  in  weight  is  the  weight  of  the  uric 
acid  on  the  filter,  being  the  amouut  of  uric  acid  contained  in 
the  amount  of  urine  employed. 


Volumttrical  Aaalynin  /or  Uric  Acid. 

This  analyaiB  has  been  introduced  by  Dr.  Scholz,  of  Blank- 
enburg-am-llarz,  and  is  described  at  page  365  of  Dr. 
Mohr's  treatise. 

Uric  acid  in  an  acid  solution  may  be  oxydized  by  a  solution 
of  permanganate  of  potash  just  as  easily  as  the  salts  of  the 
suboxyde  of  iron.  Urea  has  no  influence  upon  the  perman- 
ganate, and  cannot  be  oxydized  auy  further  in  this  maimer. 
Creatine  discolours  a  solution  of  permanganate  of  potash  or 
cliamicleon  only  after  some  time  and  in  a  higher  temperature. 
Ursematine  has  some  influence  upon  chomieleon.  In  order 
to  find  and  determine  the  equivalent  of  chamielcon  for  uric 
acid,  the  following  experiments  were  made  with  a  solution 
of  chamseleon,  the  titre  of  which  was  :  1  cubic  centimetre  of 
solution  of  clianiieleon  =  0045603  grammes  of  ammonio- 
Aulphate  of  suboxyde  of  iron.  (This  salt  I  shall  hereafter 
describe  under  the  name  of  the  double  salt  of  iron.) 

I.  0'20l  grammes  of  crystallized  air-dry  uric  acid  were 
dissolved  in  caustic  potash,  and  the  aolutiou  was  over-satu- 
rated with  sulphuric  acid.  This  solution  required  23'9  c.c. 
of  charaieleon  =  1  0899  grammes  of  douhlesalt  ofiron. 

Doublesalt  of  iron  x  0'1W717  =  uric  acid. 

II.  O-lOa  grammes  of  uric  acid  required  12'1  c.c.  of  cha- 
mrelcon  =  055179  grammes  of  doublesalt  of  iron. 

Doublesalt  of  iron  x  018489  =  uric  acid, 
in.     0323  grammes  of  uric  acid  required   369  c.c.  of 
chamieleon  =  r6827  grammes  of  doublesalt  of  iron. 
Doublesalt  of  irou  x  019194  =  uric  acid. 

IV.  0'398  ^ammes  of  uric  acid  required  -16  c.c.  of  cha- 
mEeleon  =  1-6827  grammes  of  doublesalt. 

Doublesalt  ofiron  x  0'18972  =  uric  acid. 

V.  0278  grammes  of  uric  acid  =  321  c.c.  of  chama:leoii 
=  I '4638  grammes  of  doublesalt. 

Doublesalt  of  iron  x  0'18'J'JO  =  uric  add. 

Leaving  the  second  experiment,  iu  wluch  the  quantity  of 
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niic  acid  employed  was  tuo  Hinall,  the  areragie  of  the  four 
other  csperimeuts  is : 

Double«alt  of  iron  x  0-18968  =  mstalliscd  uric  acid. 

The  equivalent  of  crystallized  uric  acid  b  186,  which  divided 
by  the  multiplicator  t>- 1 8968,  gives  98059  doubleaalt  of  iron. 
186  parte  of  uric  acid,  therefore,  take  up  as  much  oxygen  as 
98059  parts  of  doublcsalt  of  iron.  Two  equivalents,  or  392 
parts  of  the  latter,  take  one  equivalent  or  8  parts  of  oxygen,  I 
cooaequeutly, 

392  :  8  =  980-59  :  x ;  x  =  20012. 

180  parts  of  uric  acid,  therefore,  take  20-012  parts  of  oxygon  I 
which  is  ao  little  more  titan  20,  that  we  can,  without  hesita-'  j 
tioD,  assume  the  latter  figure  as  correct.     20  parts  are  two 
and  a  half  equivalents  of  oxygen,  which  would  be  taken  by 
one  equivaleut  of  uric  acid,  or  two  cquivalcuta  of  uric  acul 
would  take  five  equivalents  of  oxygen.     If  &om  20  back- 
wards  wc   attempt   the  correction  of  the  empirical   figi 
0-18968,  we  find 

8  :  20  =  392  ;  980,  and  '^=01 897958, 

which  ia  very  uearlv  =019,  instead  of  the  empirical  value 
018968,  which  is  also  very  nearly  =  019. 

Uric  acid,  in  the  form  of  a  precipitate,  is  only  slowly 
oxydized  by  solution  of  chanueleon.  It  is  best  to  dissolve  it 
in  caustic  potash,  and  after  dilution  to  mix  it  with  on  excess 
of  sulphuric  acid.  In  that  way  uric  acid  is  precipitated  «o 
slowly  that  it  remains  in  solution  during  the  experiment. 

If  300  c.c.  of  urine  are  mixed  with  5  c.c.  of  sulphuric  acid, 
and  allowed  to  staud  for  a  few  days,  tlie  uric  acid  is  precipi- 
tated. We  know  already  that  this  precipitate  contaiua 
extraneous  uialtcrs,  uneuiutine,  which  vcn,-  nearly  makes  up 
for  the  loss  of  uric  acid,  from  its  imperfect  insolubility  in  the 
acidified  urine.  The  following  experiments  show  these  diffc- 
rent  relations  quantitatively : 

0165  grammes  of  uric  acid  were  dissolved  in  300  c.c.  of 
water  by  the  aid  of  some  caustic  potash,  and  then  precipitated 
by  means  of  sidphuric  acid  and  standing  iu  the  cold.  200 
c.c.  of  the  fluid  were  removed  from  over  the  jirecipitate  and 
tested  by  means  of  chamadcon.  Tiiey  requiretl  0-9  c.c.  of 
cbamaiJeon,  which  is  equal  to  0*00778  grammes  of  uric  acid. 
This  indicates  that  one  part  of  uric  acid  is  soluble  in  25,707 
parts  of  the  acid  fluid. 

The  precipitate  of  nri<'  acid  obtained  was  again  dissolved 
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in  caustic  potash,  the  solution  diluted  to  300  cc,  and  acidu- 
lated by  means  of  5  c.c.  of  sulphuric  acid.  200  c.c.  of  the 
fluid,  supernatant  to  the  precipitate,  again  required  09  c.c. 
of  chamieleon.  In  another  experiment,  300  c.c.  of  the  super- 
natant fluid  saturated  I'-l  c.c.  of  cham^eon.  These  results 
are  sufficiently  uniform. 

In  order  to  ascertain  the  amount  of  colouring  matter  which 
is  inclosed  in  the  crystals  of  a  precipitate  of  uric  acid  from 
urine,  300  c.c.  of  urine  were  treated  with  5  c.c.  of  sulphuric 
acid,  and  allowed  to  staud  for  twenty-four  hours ;  the  entire  de- 
posit required  86'3  c.c.  of  chamseleon.  An  equal  quantity  of 
urine  was  precipitated  by  sulphuric  acid,  the  precipitate  dis- 
solved in  caustic  potash,  diluted  to  300  c.c.,  precipitated  with 
sulphuric  acid,  and  200  c.c.  of  the  supernatant  fluid  were 
tested  with  chamseleon.  Of  the  latter  there  were  required  26 
c.c;  the  entire  300  c.c.  of  fluid,  therefore,  would  have  required 
3'9  c.c,  of  chaniieleon.  If  we  deduct  of  this  1'4  c.c,  which 
were  required  for  300  c,c.  of  fluid,  from  a  precipitation  of 
pure  uric  acid,  there  remain  25  c.c.  of  cliamieleon  for  the 
matters  not  being  uric  acid  contained  in  the  first  uric  acid 
precipitate  from  urine. 

The  second  precipitate  of  uric  acid  was  yet  somewbUt 
coloured,  and,  on  repetition  of  the  analysis,  the  chamseleon 
indicatcil  foreign  matters,  not  being  uric  acitl,  to  the  value  of 
1  c.c,  of  the  solution.  The  supernatant  fluid,  from  a  fourth 
resolution  and  precipitation  of  the  same  uric  acid  only  required 
as  much  chiunaileou  as  the  supernatant  fluid  from  pure  uric 
acid, 

The  total  quantity  of  matters,  not  being  uric  acid,  contained 
in  the  uric  acid  precipitate,  amounted  to  about  one  tenth  part 
of  the  whole.  Put  against  this  the  toss  from  the  imperfect 
insolubility,  the  excess  becomes  so  very  much  reduced,  that 
it  is  unnecessary  to  make  any  correction  of  the  rough  result 
found,  and  we  may  assume  the  two  errors  balancin}r  each  other, 
as  we  have  done  in  the  analysis  of  uric  acid  by  weight. 

In  some  cases  the  amount  of  foreign  matter  precipitated 
with  uric  acid  may  amount  to  one  fifth  of  the  entire  precipi- 
tate.    In  this  direction  further  researches  are  necessary. 

Sallg  ttf  Uric  Acid — Urates.' 

As  uric  acid  is  a  hibasic  acid,  there  are  two  diflercnt  kiiuls 
of  urates,  the  neutral  and  the  acid  salu.  Of  these,  only  the 
latter  occur  in  urine,  one  equivalent  of  base  being  replaced  by 

'  A.  Bcnach,  'Ann.  d.  Chem.  und  Fhtrm.,'  lit,  p.  169.  Alien  and  Bcnich, 
■bill..  Ut,  |i.  IBI. 
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one  equivalent  of  water,  according  to  the  following  formula. 
M  =  metal. 

CoH^NA  h8  1  =  ^'«"^^^^«  (Gerhardt). 

All  urates  are  either  insoluble  or  only  slightly  soluble  in 
water. 

Urate  of  ammonia,  C^^^^^^^f>%. — ^This  salt  is  always 
produced  when  uric  acid  and  ammonia  are  allowed  to  act 
upon  each  other.  When  pure  and  dry  it  is  a  white  amor- 
phous mass,  perfectly  soluble  in  water,  one  part,  however, 
requiring  for  solution  1608  parts  of  water  at  7T  F.  (25^  C.)  . 

Some  authors  state  that  urate  of  ammonia  requires  2789 
parts  of  urine  for  solution,  and  that  the  solubility  is  increased 
by  the  presence  of  a  moderate  quantity  of  saline  matter.  The 
solvent  power  of  urine  for  urate  of  ammonia  should  be  equal 
to  that  of  pure  water.  But  as  no  urine  is  quite  firee  from 
urate  of  ammonia,  and  the  latter  cannot  be  separated  without 
destroying  the  character  of  the  former,  it  is  very  difficult, 
nay  impossible,  to  determine  the  solvent  power  of  urine  for 
tunite  of  ammonia,  the  more  so  as  it  is  next  to  impossible,  for 
practical  purposes  at  least,  to  separate  urate  of  ammonia  from 
urate  of  soda.  To  saturate  urine  with  urate  of  ammoniay 
and  afterwards  find  the  amount  dissolved,  is  as  yet  an  unsafe 
proceeding,  because  various  causes  may  tend  to  increase  the 
amount  of  ammonia  found,  which  would  have  to  be  placed 
to  the  account  of  uric  acid. 

It  may  be  obtained  in  small  delicate  needles  by  treating 
uric  acid  in  boiling  water  with  an  excess  of  ammonia,  or  by 
dissolving  uric  acid  in  a  warm  solution  of  ammonio-phosphate 
of  soda,  and  allowing  the  crystals  to  separate  by  rest.  In 
the  latter  case,  the  needles  are  united  in  groups,  irregular  or 
regular,  presenting  a  star-like  arrangement  round  a  globule. 
The  presence  of  urine  prevents  this  form  of  crystallization. 
When  crystallizing  out  of  a  solution  in  ammonia,  it  forms 
roundish,  oval,  or  dumb-bell -like  masses  of  a  radiated  struc- 
ture and  i)olarizing.  This  form  is  met  with  in  the  urine  of 
birds.  When  appearing  as  a  precipitate  in  alkaline  (ammo- 
niacal)  urine,  it  forms  very  slender  dumb-bells.*  This  form 
I  have  met  with  in  perfectly  black  alkaline  urine  from  a  child 
suffering  from  dropsy  after  scarlatina.     It  was  mixed  with 

'  Prout,  *  On  Stomach  and  Urinary  Diseases/  3d  cd.,  pi.  i,  fig.  4.  Ibid.,  i, 
figures  of  urate  of  NH,,  as  it  occurs  in  the  alkaline  urine  of  hemiplegic,  or 
paraplegic  patients,     v.  Fuuke, '  Atlas/  taf.  xiii,  figs.  5  and  6. 
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spherules,  with  crystals  of  iiric  acid  adhering  to  their  surface. 
This  appearance  is  illustrated  in  fig.  25  of  Dr.  G.  Bird's  work.  - 
1  have  succeeded  in  producing  this  deposit  artificially.  A 
patient  havuig  contracted  a  severe  cold  by  exposure  to  rain 
and  cold  in  one  of  our  fashionable  public  gardens,  dis< 
charged  a  large  amount  of  perfectly  white  urate  of  ammonia 
in  her  urine,  which  was  acid  and  of  yellow  colour.  I  allowed 
the  deposit  to  subside  towards  the  bottom  of  the  vessel,  and 
after  having  decanted  the  supernatant  urine,  redissolved  the 
deposit  by  the  application  of  heat.  A  concentrated  solution 
of  urate  of  ammonia  in  urine  being  ho  procured,  some  hydro- 
chloric acid  was  added,  and  the  mixture  allowed  to  cool,  A 
copious  precipitate  of  sphendee  and  granules  of  urate  of 
ammonia  soon  formed,  from  the  surface  of  most  of  which 
prisms  and  needles  of  uric  acid  liegau  to  crystallize.  Under 
the  continued  influence  of  the  acid,  however,  all  the  globules 
and  granules  of  urate  of  ammonia  were  transformed  into 
crystallized  uric  acid,  the  crystallisation  beginning  with  the 
formation  of  minute  prisms,  which  gradually  became  larger 
and  longer.  The  round  and  irregular  bodies  of  urate  of 
ammonia  polarized  faintly. 

As  a  general  rule,  urate  of  ammonia,  when  occurring  as  a 
deposit,  forms  a  dark,  granular,  perfectly  amorphous  precipi- 
tate. (PI.  Ill,  fig.  2.)  The  granules  may  adhere  to  linear 
masses,  or  appear  to  form  sausage-Ukc  bodies ;  the  latter 
appearance  is  easily  produced  by  rolling  the  thin  glass  cover 
of  the  object  a  few  times  to  and  fro,  and  has  been  erroneously 
described  as  a  peculiar  agglomeration  of  the  urate. 

To  the  naked  eye  these  deposits  of  urate  of  ammonia 
appear  as  a  subtle  powder,  varying  in  colour  from  absolute 
whiteness,  through  rose-colour,  piiik,  brick-red,  purple,  and 
brownish-red.  These  colours  are  best  observed  after  the 
deposit  is  collected  on  a  filter. 

The  colour  of  urate  of  ammonia  and  of  urates  generally  is 
caused  by  the  adhesion  to  its  particles  of  an  abnormal  colouring 
matter,  urerytlirine.  Dr.  G.  Bird's  purpurine.  For  this  it  has 
80  great  an  attraction,  that  it  may  be  used  for  separating 
urerythrine  by  dissohing,  with  the  assistance  of  heat,  repeated 
quantitiea  of  urate  of  ammonia,  which,  on  cooling,  will  pre- 
cipitate, carrying  the  urcrytluriue  with  them. 

In  diseases  most  oomraoniy  met  with,  the  hriek-red  or 
pale  fawn-coloured,  so-called  lateritious   sediment  is  almost 
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always  mixed  with  the  urate  of  eoda,  or  uric  ttaa, 
urate  of  lime  and  niaguesia.  When  burnt  on  platiuum  foil, 
there  remains  a.  white  ash,  coutainiug  soda  and  lime ;  tlie  for- 
mer demonstrated  by  imparting  a  yellow  colour  to  the  flame 
of  the  blowpipe,  the  latter  by  being  soluble  in  acetic  acid 
and  precipitated  by  oxalic  acid. 

The  chemical  characters  of  tliis  substance  are  not  leas 
marked  than  the  microscopic.  It  is  rarely  observed  in  urine 
until  after  it  has  cooled,  a  circumstance  which  makes  it  very 
difficult  to  explain  how  urate  of  ammonia  caji  possibly  form 
the  nucleus  of  a  concretion.  It  readily  disappears  when  the 
mine  is  raised  to  the  temperature  at  which  it  left  the  body, 
or  when  the  urine  is  diluted  with  water.  It  is  soluble  in 
liquor  ammonise  and  liquor  potaasie,  from  which  solutions 
uric  acid  is  precipitated  by  the  addition  of  acetic  acid.  When 
the  sediment  is  brought  into  contact  with  acetic  acid  or 
hydrochloric  acid,  it  is  slowly  transformed  into  uric  acid  crys- 
tals, ammonia  entering  into  combination  with  the  acid  and 
forming  a  soluble  salt.  The  dry  deposit  gives  with  nitric  acid 
the  characteriatic  reaction  of  murexide. 

Urate  of  soda.  C|,HsNaNPs.— This  salt  may  be  obtained 
artificially,  either  by  dissolving  uric  acid  in  caustic  soda,  and 
precipitating  it  by  a  current  of  carbonic  acid,  or  by  mixing 
the  boiling  caustic  solution  with  bicarbonate  of  soda.  In  the 
latter  case  the  urate  is  fonned  in  delicate  needle-shaped 
crystals.  Occurrence :  in  the  urine,  dissolved  and  as  sedi- 
ment ;  in  the  blood  during  gout  j  in  the  gouty  concretions 
near  the  joints. 

It  is  soluble  in  123  to  125  parts  of  boiling  water,  and  re- 
quires 1100  to  1200  parts  of  water  of  77°  F.  (25°  C.)  The 
solution  is  neutral,  does  not  absorb  carbonic  acid ;  a  pre- 
cipitate  is  produced  in  it  by  tlie  bicarbonates  of  the  alkalies, 
and  by  tlic  salts  of  baryta,  lead,  and  silver. 

Crpslallhalion. — Urate  of  eoda  forms  short  hexagonal 
prisms,  or  thick  six-sided  plates,  frequently  imiting  and  form- 
ing star-like  groups :'  the  two  opposite  angles  of  these  plates 
measure  71°  50',  the  four  angles  between  these  two  143° 
35'  {Gomp-Bcsanez,  p.  185),  In  this  form  it  is  met  with 
in  urine  undergoing  the  process  of  alkaline  fermentation. 
The  artificial  salts,  as  obtained  by  the  above  process,  or  from 
the  blood,  form  needles,  If  obtained  by  digesting  pure  uric 
acid  in  a  hot  solution  of  common  phosphate  of  soda,  it  crys- 


'  See  aUo  Dr,  Golding  Bird,  loc.  di.,  p.  I3S,  fig.  S9.    Funke.  '  Atlu,  uf.  W, 
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tallizes  in  needles,  tufta,  stars,  apii idle-like  figures,  aud 
prisms,  wliCQ  it  is  allowed  tu  scpEirate  from  tbe  solution  on 
cooling,  fiut  if  a  solution  of  urate  of  soda  be  allowed  to 
evaporate  apoQtantMtiiely,  the  salt  is  deposited  in  simple  sphe- 
rical masses  and  granulea. 

Dr.  Golding  Bird  met  with  the  urate  of  soda  in  the  urine  ' 
of  persons  labouring  under  fever,  who  were  treated  with  car- 
bouate  of  soda.  It  occurred  in  rouud,  yellowish  or  white, 
opaque  masses,  fiimished  with  projecting,  generally  curved 
processes.'  I  have  observed  the  same  deposit  of  an  extremely 
striking  character  (PI.  II,  fig.  3,)  in  the  urine  of  a  child 
suffering  from  petechial  typhus,  who  was  not  treated  with 
the  carlMnate  of  soda.  The  details  of  this  case  will  be  given 
under  the  paragraph,  Deponils  of  Uratts  occurring  in  the 
urinary  passages,  p.  101,  The  same  depodt  occasionally 
occurs  in  the  urine  of  children  labouring  under  measles  or 
scarlet  fever, 

Urate  of  limt.  C|„HgCaN40B+2Aq— This  salt  occurs  occa- 
sionally in  traces  and  small  quantities  in  the  urine,  in  sedi- 
ments, and  in  concretions,  particularly  the  gouty  tumours 
near  joints. 

It  may  l)e  obtained  arti&cially,  by  mixing  a  solution  of 
chloride  of  calcium  with  a  boiling  solution  of  urate  of  potash 
or  soda.  From  this  mixture  it  forms  as  an  amorphous  pre- 
cipitate. If  the  urate  employed  have  lieen  a  little  alkabne, 
warty  groups  of  needles  arc  sometimes  obtained.  It  is 
sparingly  solulile  in  water,  requiring  603  parts  of  cold  and 
270  parts  of  boiling  water  for  solution.  Its  solubility  becomes, 
however,  increased  by  the  preacuce  of  a  small  amount  of 
chloride  of  potassium. 

On  combustion  it  leaves  carbonate  of  lime,  or  caustic  lime. 
On  being  digested  in  acetic  acid,  this  salt  is  destroyed,  lu-ic 
acid  being  set  free ;  from  the  acetate  of  lime,  the  base  may  be 
precipitated  by  oxalate  of  ammonia. 

Differential  diagnoin*  of  urates. — As  uric  acid  is  readily  set 
free  by  stronger  acids,  its  presence  is  easily  enough  ascer- 
tained. The  bases  offer  little  difficulty  to  analysis,  if  they 
occur  separately;  but  if  they  are  mixed,  as  is  mostly  the  case, 
the  analysis  becomes  very  complicated.  It  is  for  this  reason 
that  we  do  not  know  as  yet  whether  the  fixed  or  the  volatile 
alkali  is  more  commonly  combined  with  uric  acid.  The 
question  being  moreover  of  no  great  practical  importance, 
some  time  will  probably  elapse  bctbre  it  is  finally  settled. 
'  Scebuflg.  2S. 
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If  a  sediment  siinply  filtered  from  the  urine  be  taken  for 
analyeiH,  an  aali  is  always  obtained  on  combustion.  For  the 
epithetia  from  the  kidneys  and  urinary  passages,  and  the 
mucus  from  the  bladder  contain  alkali  and  lime ;  and  as  they 
are  mixed  with  the  deposit,  and  burnt  with  it,  they  are  placed 
to  the  account  of  the  uric  acid.  In  all  eases,  therefore,  it  is 
necessary  to  redissolve  the  deposit  in  the  urine  by  the  appli- 
cation of  heat,  and  to  filter,  when  all  organized  particles,  with 
the  mucus  and  uric  aeid  crystals,  will  remain  on  the  filter. 
On  cooling,  the  deposit  will  form  again,  aud  may  now  by 
filtration  be  obtained  fi*ee  from  admixtures.  But  eolouring 
matter,  containiag  iron,  still  adheres  to  the  urate ;  aud  how- 
ever small  the  amoimt  may  he,  it  would  leave  a  residue  on 
combustion.  This  colouring  matter  must  therefore  be  re- 
moved by  washing  the  deposit  on  the  filter  with  boiling  alcohol. 

If  there  is  more  deposit  in  iirine  than  it  will  dissolve  on 
the  apphcation  of  heat,  which  is  sometimes  the  case  where 
the  deposit  has  come  ready  formed  from  the  bladder,  it 
becomes  necessary  cither  to  dilute  the  urine  until  the  deposit 
is  dissolved,  to  filter  it  while  hot,  aud  to  evaporate  again  to 
the  former  bulk,  or  to  filter  the  urine  eold,  aud  then  dissolve 
the  urates  on  the  filter  by  the  assistance  of  hot  water.  This 
latter  solution  may  then  be  kept  separate,  and  on  evaporation 
will  leave  the  urates  in  a  pure  state. 

Under  all  circumstances,  the  deposits  of  urates  may  be 
collected  on  a  filter,  washed  with  alcohol,  dissolved  in  boiling 
water  and  filtered ;  the  filtered  liquid  after  evaporation  leaves 
the  pure  urates. 

To  determine  the  urates  dissolved  in  urine,  the  latter  must 
be  evaporated  to  dryness,  and  estraetcd  with  alcohol;  the 
residue  cousists  of  uric  acid,  urates,  and  inorganic  salts.  The 
urates,  which  form    part  of  the  scum  nf  urine  while  it  is 
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evaporatiiifi,  appear  as  spherical  masses,  witli  maDj  Bpiciila 
protruding  from  their  suifaces.  These  bodies  frequently  lie 
in  a  film  of  phosphate  nf  lime  and  magnesia.  When  urine  is 
evaporating  spontaneously,  similar  forma  are  frequently  seen. 
In  a  conccutratefl  urine  from  fever,  urates  formed  on  spon- 
taneous evaporation  wliich  exactly  resembled  the  fig.  28 '  of 
Dr.  G.  Bird's  work.  Hot  water  rlissolvcs  the  urates  and  in- 
organic salts  from  the  residue  obtained  after  extraction.  If 
the  solution  be  now  concentrated,  and  cooled  down,  a  part  of 
the  urates  will  precipitate,  afler  which  they  may  lie  collected 
on  a  filter,  washed,  and  analysed  witli  regard  to  their  pro- 
portions of  bases.  From  the  urates  in  solution  with  the 
inoi^anic  salts  the  uric  acid  is  obtained  by  the  admixture  of 
another  acid,  and  from  the  composition  of  the  first  [wrtiou  of 
the  urates  the  amount  of  the  bases  which  were  combined 
with  tliis  uric  acid  may  be  calculated. 


Amount  of  Uric  Acid  discharged  during  twenty-four 
hours. 

Uric  aeid  being  a  normal,  (.  e.,  a  constant  ingredient  of 
urine,  there  is  reason  to  expect  that  its  amount  may  stand  in 
a  certain  proportion  to  the  ingesta  and  the  organic  changes. 
But  mere  reflection  on  the  nature  of  uric  acid,  on  its  relatiooa 
to  urea,  uric  oxyde,  and  hypoxauthine,  or  its  occurrence  or 
absence  in  certain  animals  and  classes  of  animals,  on  the 
mode  in  which  its  occurrence  and  amount  in  animals  is  in- 
fluenced by  various  conditions,  natural  or  artificial — cannot 
Bupply  the  want  of  direct  observation  on  this  point,  however 
valuable  may  be  the  suggestions  derived  therefrom.  The 
number  of  du^ct  observations  is  very  small,  as  compared  with 
the  nnraber  of  attempts  to  supply  this  want  hypothetically  by 
observations  on  lower  animals.  And  of  the  existing  observa- 
tions a  great  number  are  entirely  useless,  l)ecause  they  refer 
only  to  1000  parts  of  \irinc,  with  no  regard  to  the  time  in 
which  it  was  discharged.  Some  otherwise  valuable  analyses 
have  been  executed  upon  abnormal  subjects,  as  those  of 
Lehmauu  upon  himaelf.  The  oidy  really  useful  series  of 
analyses  we  possess  are  those  of  BecquereF  and  Ncubauer*. 
According  to  the  former,  the  medium  amount  of  uric  acid 
discharged  during  tweuty-four  hours  is  O-tQ  to  056  grammes. 
Neubauer  obtained  the  following  results  in  a  series  of  obBervo- 
tions  on  two  healthy  individuals — 

■  ride  De*l«.  loc.  cil..  p.  213. 

■  '  Sdro^Toliiiue  de*  Urirm.'  Pari*,  1811,  p.  14. 
'  Vogel,  loc  dl.,  p.  249. 
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Ifiaimom. 

Msdiim. 

Ifazimim. 

Pint  Indwidual 

Grammes 

Grammes 

Grammes 

First  series,     5  days.    Living  usual 

002 

0-28 

0-61 

Second  series,  5  days.    Ditto,  and  taking  waim 

i 

bath  of  thirty  minntes' 

^  0-56 

0-44 

0-53 

duration,  at  82''  F.     . 

Third  series,    7  days.    Ditto,  daily  bath,  and 

•^ 

drinking  500  cc.  of 
Kochbmnnen,    Wies- 

^013 

0-27 

0-50 

baden 

J 

Second  Individual. 

First  series,     8  days.    Living  usual 

0-33 

0-49 

0-67 

Second  series,  5  days.    Living  as  above  (2d  ser.^ 
Third  series,    8  days.        „        „          (3d  ser.) 

0*46 

0-60 

0-81 

0-31 

0-51 

0^7 

Lehmann  found  that  he  discharged  on  an  average  1*18 
grammes  of  uric  acid  during  twenty-four  hours.  As  he  him- 
self supposes  this  to  be  an  abnormal  quantity^  we  must  leave 
the  observation  out  of  consideration  at  present,  since  we  are 
engaged  in  determining  the  nmmal  quantity. 

Considering  the  very  limited  number  of  observations, 
the  following  quantities  of  uric  acid  for  twenty-four 
hours  may  be  said  to  be  within  the  range  of  perfect 
health  : 


Minimum. 
0*02  grammes. 


Medium.^ 
0*5  grammes. 


Maximum. 
I'O  grammes. 


The  fluctuations  of  uric  acid  in  health  are  therefore  more 
considerable  than  those  of  any  other  constituent  of  urine, 
not  only  in  the  same  individual  during  so  short  a  period  as 
five  days,  as  shown  by  Neubauer's  first  series  of  observations 
on  the  first  individual,  but  the  averages  of  different  indivi- 
duals show  considerable  variations,  for  which  an  ample 
allowance  must  be  made,  before  in  any  given  case  the  amoimt 
discharged  can  be  said  to  be  abnormal ;  viz.,  below  or  above 
the  avej'age.  The  1'18  grammes  of  Lehmann  is  clearly  ab- 
normal, as  is  also  his  average  amoimt  of  urea.^  The  idio- 
syncrasy of  this  experimenter  is  most  probably  a  large 
appetite. 

The  relations  of  urea  to  uric  acid  are  intimate;  their 
quantities  are  in  certain  proportions.     For  35*0  grammes  of 

^  Dr.  G.  Bird's  medium  is  8*1  grains  of  uric  acid  during  twenty-four  hours, 
which  is  very  nearly  the  above  medium,  which  is  7*72  grains. 

3  Vide  Dr.  G.  Bird,  loc.  cit.,  p.  7,  and  Simon's  *•  Beitrage  zur  Physiol,  und 
Pathol.  Chemie  und  Microscopic,'  Berlin,  1843,  B.  i,  p.  190. 


urea  secreted  in  twenty-four  hours,  0'5  grammes  of  iiric  acid 
are  on  an  average  discliai^ed  in  the  same  period.  Whether 
the  fluetiiations  in  the  quantities  of  botli  arc  parallel  or  not, 
has  yet  to  he  ascertained.  In  disease  this  seems  to  be  the 
case,  as  will  presently  be  shown. 

Pat/ioloffical  changes  in  the  quantity  of  Uric  Add  discharf/ed 
during  twenty-four  hours. 


As  a  question  clearly  put  is  half  the  answer,  we  may  be 
permitted  here  to  consider  what  proximate  conditions  of  the 
system  a  rise  or  fall  in  the  quantity  of  urie  acid  beyond  the 
normal  limits  is  likely  to  inaicatc.  A  deficiency  may  be  due 
to  a  diminished  production  in  the  system,  as  in  anieniia, 
or  to  retention,  as  in  certain  stages  of  gout'  and  rheu- 
matism. It  is  at  least  questionable  whether  the  retention  is 
always  due  to  diseased  action  of  the  kidney.  Any  disease, 
however,  which  interferes  with  the  secreting  power  of  the 
kidney  by  changing  its  structure,  such  as  Bright's  disease, 
is  certain  to  cause  retention  of  uric  aeid  in  the  blood,  in  pro- 
portion to  the  retention  of  the  other  constituents  of  urine. 
(Scarlatina  seems  to  make  an  exception.  I  have  certainly 
found  that,  in  some  cases  of  this  disease,  where  uric  acid  is 
frequently  present  in  excess  from  the  beginning,  so  as  to  be 
precipitated  in  a  cloud  by  the  addition  of  an  acid,  the  amount 
of  uric  acid  does  not  decrease  parallel  to  the  fall  of  urea, 
when,  with  albuminous  urine,  diropsy  appears ;  but  it  seems 
to  be  the  norma!  amount,  nay  even  more,  at  a  time  when  the 
amoimt  of  urea  is  about  half  the  normal  average.  Hundreds 
of  observations  ^rill,  however,  be  necessary  to  establish 
whether  such  a  process  is  the  rule  or  the  exception.) 

An  excess  of  uric  acid  may  be  due  to  excessive  production 
in  the  body,  particularly  when  the  increased  excretion  lasts  for 
a  certain  time.  It  may,  however,  be  owing  to  the  discharge 
of  accumulated  uric  acid,  after  retention  in  the  blood.  In 
both  cases,  the  symptoms  accompanying  or  preceding  the 
excessive  excretion  must  l>e  our  guides  in  distinguishing  be- 
tween these  conditions. 

As  a  general  nde,  t.  e.,  one  liable  to  exceptions,  it  may  be 
assumed  that  an  excessive  production  of  uric  aeid  accom- 
panies an  excess  in  the  production  of  urea.  In  inflammatory 
diseases,  fever,  and  certain  other  zymotic  diseBse9,an  incrcaswl 
amount  of  uric  acid  is  met  with.   The  observations,  however, 

I  ■  Ued,Xhir.  Tnouct.,'  nri.  xii,  p.  1H6 
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require  to  be  reduced  to  figures,  and  repeated  with  special 
regard  to  time.' 

The  following  obaervations  of  Becquerel  are  entitled  to 
attPutiOD,  as  referring  to  the  total  quantities  of  urie  acid 
discharged  in  twenty-four  hours : 

HesUhy  urine  (ffi  MCMge)  .         .        .        .         S-1  graint. 

Cliloraiis,  five  cues min.  IS     iiia>.  60  graini. 

Pulmonary  enipliylema,  at.  dyt|iii(£s    .  4  9  gnini. 

Pbthitii.  luberclM  loflencil 91       „ 

„       tliree  davs  hefare  d»th    .        .         .        .        9'8       „ 

Morbui  cordii,  With  ictenu 982     „ 

Aente  hep»titi>,  withicteni)  .        .        .        .  1I-I8    „ 

Ictenit l?-75    1. 

Milk  tt\a 19-0      „ 


Deposits  of  Uric  Acid  and  Urates. 

The  pliysicul  properties  of  deposits  of  uric  acid  and  urates 
having  been  already  described,  I  will  now  offer  a  few  remarks 
on  the  circumBtances  and  the  couditious  under  which  they 
occur.  As  the  deposits  of  urates  are  much  more  common 
than  all  other  urinary  deposits  taken  together,  it  is  of  parti- 
cular importance  to  define  their  value  as  a  pathological  indi- 
cation, This  I  shall  attempt  at  the  conclusion  of  this 
paragraph. 

Uric  acid  itself  is  not  soluble  in  the  blood,  at  least  not 
more  than  in  water ;  it  is  oiJy  so  iu  combination  with  a  base 
— ammonia,  soda,  or  lime.  Uric  acid,  when  occurring  in  the 
blood,  is  always  met  with  as  urate  of  soila  or  urate  of 
ammonia.  As  venous  blood  is  used  for  the  examination  (or 
mixed  blood,  if  taken  l)y  cupping),  the  urate  must  have  been 
an  acid  one,  since  the  free  carbonic  acid,  at  the  temperature 
of  the  body  or  at  that  of  the  common  air,  would  not  permit 
any  neutral  urate  to  exist,  but  would  withdraw  one  equivalent 
of  base.  In  venous  biootl,  therefore,  the  urate  must  always 
be  an  acid  one  ;  and  this  is  important  to  l>ear  in  mind.  The 
question  now  arises  whether  the  urate  must  also  be  an  acid 
one  in  arterial  blood ;  whether  there  is  a  sufficient  amount  of 
carbonic  acid  still  present  in  arterial  blood  to  keep  the  urate 
acid ;  or  whether  this  cause  of  its  acidity  no  longer  exists  in 
arterial  blood,  or,  if  present,  is  iu  any  way  neutralized  by 
the  presence  of  oxygen.  Though  it  is  not  exactly  ascerttuued 
how  much  of  its  carbonic  acid  the  hlood  loses  in  its  passage 
through  the  lungs,  yet  the  data  we  possess  are  quite  sufficient 

'  Prom  iKe  omiMioii  of  this  Bltenlion,  lalnj-  of  Ihc  uislyKi  of  Becquerel  Mid 

L'llerilier  are  utelesb  for  our  purpoifi. 


to  put  the  question  at  rest.  Mageudiei  found  in  KK)  grammes 
of  venous  blood  O'O  78  grammes  of  carbonic  acid, in  100  grammes 
of  arterial  blood  00(i(i  ftramnies  of  carbonic  acid.  The  blood  in 
becoming  arterial  had,  therefore,  lost  only  151  per  cent,  of 
its  carbonic  acid.  Considering  the  araall  amount  of  uric  acid 
salts  wliieh,  under  normal  circumstanccH,  is  at  any  time 
present  in  the  blood,  we  arc  quite  juBtificd  in  the  conclusion 
that  the  0006  grammes  of  carbonic  acid  present  in  100 
grammes  of  arterial  blood  are  sufficient  to  keep  the  urate 
acid.  If  it  should  be  ui^ed  that  there  is  some  ammonia 
in  the  lilood,  which  might  make  the  urate  neutral,  I  refer 
the  objector  to  putrefying  urine,  in  which,  notwithstanding 
a  large  amount  of  free  ammonia,  the  urates  still  remain  acid. 
The  urates,  wherever  we  meet  with  them,  are  acid  salts,  and 
from  the  very  property  of  the  neutral  urates  to  be  converted 
into  acid  salts  by  the  mere  influence  of  carbonic  acid,  their 
occurrence  in  the  economy  is  impossible.  If,  therefore, 
VogeF  assumes  that  neutraJ  urates  may  occur  in  the  urine 
(and,  as  he  believes,  by  the  supervening  of  an  acid  in  the 
urinary  passages,  may  be  transformed  into  acid  salts,  which 
being  less  soluble  form  a  deposit),  he  thereby  contracts  a 
theoretical  debt,  which  we  are  sorry  to  say  he  will  never  be 
able  to  pay. 

Granting  therefore  that  uric  acid  is  already  formed  in  the 
arterial  blood  on  reaching  the  kidney ;  that  it  can  only 
remain  in  solution  as  a  urate,  and  that  an  acid  one ;  and 
that  after  having  passed  the  kidneys  it  still  continues  to  be 
an  acid  urate;  where,  I  ask,  are  now  the  difficulties  siuround- 
ing  the  explanation  of  the  secretion  of  uric  acid  in  the 
form  of  urates? 

Do  we  require  such  theories  as  that  of  Dr.  Golding  Bird, 
which  begins  with  an  impossibility,  and,  founded  upon  an 
opinion  ofLiebig,  long  since  abandoned,  is  merely  made  for  the 
purpose  of  explaining  the  acid  reaction  of  urine  by  the  forma- 
tion of  acid  phosphates  ?  But  it  is  best  to  quote  his  words, 
which,  at  p.  Si  of  his  fourth  edition,  are  thus  printed  in  italics : 

"  Uric  acid,  at  the  moment  of  separation  from  the  blood, 
comes  in  contact  with  the  double  phosphate  of  soda  and 
ammonia,  derived  from  the  food,  forms  urate  of  amniouia, 
evolving  phosphoric  acid,  which  thus  produces  the  natural 
acid  reaction  of  urine." 

Of  course,  if  uric  acid  itseli'  is  insoluble  in  the  blood,  and 


■  Loc.  cit.,  p.  198.     Uhiiii 
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is  only  kppt  disBolred  as  a  urate,  mostly  the  nrate  of  soria,  ^ 
liow  can  it  be  seiiarated  from  the  hlood,  except  as  a  urate?  1 
And  beiiig  secreted  as  a  urate,  how  can  it  take  ammonia 
from  the  nuppoeed  phosphate?     I  will  even  go  further  back 
and  ask,  how  could  the  uric  acid,  even  if  it  were  free,  and  as 
such  contained  in  the  hlood,  remain  so,  if  it  were  throughout 
the  whole  course  of  the  circulation  in  contact  with  the  very 
phosphate  with  whose  ammonia  it  is  to  combine  after  separa-  . 
tion  from  the  blood  ?     These  questions  1  hand  over  to  the  I 
further  consideration  of  the  reader.      Dr.  Bird  continues — 
"  If  the  whole  bulk  of  the  urine  lie  to  the  urate  of  ammonia 
formed,  not  less  than  about  2701  to  1,  the  secretion  will,  at 
the   ordinary   temperature  of  the  air,  remain   clear;  hut  if 
the  bulk  of  Huid  he  less,  an  amorphous  deposit  of  the  urate 
will  occur."  I 

This  is  the  simple  espreasion  of  the  fact,  as  we  meet  it  J 
every  day,  that  urates  are  more  soluble  in  warm  than  in  cold 
water  or  urine.  But  whether  thev  require  about  2701  {Dr. 
Bird),  or  2789  (Dr.  B.  Jones),  or  1608  times  [vi'lt;  under 
urate  of  ammonia),  or  even  less,  namely,  only  1 100  to  1200 
times  (vide  urate  of  soda),  their  amount  of  water  or  urine  for 
solution  at  a  temperature  of  77"  F.  (25°  C.)  is  a  matter  to  be  ( 
decided  only  by  direct  experiment. 

The  theory  just  quoted  is  incorrect  in  one  more  respect  j 
namely,  because  it  assumes  that  the  common  deposits  of 
urates  are  made  up  of  urate  of  ammonia  onli/,  einoc  the  fact 
is  that  they  mostly  are  mixtures  of  the  urates  of  ammonia, 
soda,  and  lime ;  the  urate  of  soda  baring  in  almost  all  cases 
the  decided  preponderance,  i 

The  conclusion  of  Dr,  G.  Bird's  "  probable  explanation  of  1 
the  mode  in  which  uric  acid  exists  in  healthy  urine,"  of 
which  I  have  tguoted  two  passages,  is  a  reiteration  of  the 
theory  of  Licbig  on  the  acid  reaction  of  urine  being  produced 
by  the  solution  of  uric  acid  in  the  solution  of  the  common  or 
tribasic  phosphate  of  soda,  whereby  urate  of  soda  is  formed 
on  the  one  hand,  and  an  acid  phosphate  on  the  other.  The  i 
passage  runs  thus : 

"  On  the  other  hand,  if  an  excess  of  uric  acid  be  separated  [ 
by  the  kidneys,  it  vnU  act  on  the  phosphate  of  soda  of  the  I 
doublesalt,  and  hence,  on  cooling,  the  urine  will  deposit  a.  I 
crystalline  sediment  of  acid  sand,  very  probably  mixed  with.  | 
amorphous  urate  of  nmmoma,  the  latter  usually  formii^  ■  f 
layer  above  the  crjatals,  which  always  sink  to  the  bottom  I 
of  the  vessel."  1 

Here  again  we  are  met  by  the  difficulty,  that  uric  acid,  I 
lieing  secreted  in  the  soluble  form  of  a  urate,  cannot  act  on  \ 
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tlic  phosphate  of  soda  in  the  mtuiner  suggested.  If  the 
action  were  to  take  place  in  the  blood,  the  phosphate  eoultl 
not  remain  acid,  and  therefore  could  exert  no  iufluence  on 
the  urate  after  secretion.  But  the  moat  remarkable  part  of 
the  matter  is,  that  an  explanation  has  been  attempted  of  a 
fact  wliich  doea  not  exist.  If  any  one  hae  ever  seen  uric  acid 
fall  down  in  any  urine  on  mere  cooling,  as  it  does  fall  down 
from  its  artificial  solution  in  the  phosphate,  he  should  not 
omit  to  publish  the  fact.  I  for  one  never  have  met  with  it, 
nor  have  any  such  facta  Ijeen  brought  forward  by  the  origi- 
nator and  propagator  of  that  theory,  nor  by  any  one  else,  as 
far  as  I  am  aware.  If  uric  acid  is  eier  fonncd  in  that  way, 
it  must  redissolve  on  restoring  the  temperature  of  the  body  to 
the  urine.  Thus  Dr.  Golding  Bird  has  defeated  his  own 
theory,  in  unmistakeable  words,  in  §  120,  p.  122  : 

"  Diafftionu  of  uric  acid  deposils. — When  heated  in  the 
urine,  tlie  uric  acid  deposit  does  not  dissolve ;  the  crystals 
merely  become  opaque.'  They  generally  become  more  dis- 
tinct trom  the  solution  of  the  urate  of  ammonia,  which  ia 
frequently  mixed  with  them,  and  sometimes  completely 
conceals  them  from  new.  Hence  the  best  mode  of  discovering 
this  deposit,  is  to  warm  the  urine,  when  turbid  from  excess  of 
lu^te  of  ammouia,  in  a  watch-glass ;  the  acid  becomes  visible 
at  the  bottom  of  the  glass,  as  soon  as  the  urate  dissolves." 

Thua  an  imaginary  fact,  linked  to  reality  by  mere  analogy 
to  an  artificial  eliemicAl  process,  had  been  the  subject  of 
explanations,  which  in  improbability  were  only  surpassed  hy 
what  they  were  intended  to  explain,  and  which  found  their 
strongest  contradiction  in  the  very  fact,  the  misconceived 
occurrence  of  which  was  the  probleui  to  be  solved. 

Deposits  of  Urates  occurring  after  emission. 

The  deposits  of  mixed  urates  are  so  very  common  in  the 
most  varied  conditions  of  health  and  disease,  that  it  would  be 
an  endless  and  useless  labour  to  name  those  conditions.  The 
attempt  to  define  the  characters  of  urine  depositing  urates 
must  be  fiitile,  because  there  is  almost  no  description  of  urine 
that  may  not  deposit  them.  Whether  acid  or  alkaline,  of 
high  or  of  low  specific  gravity,  containing  much  or  little  urea 
and  colouriug  matter,  urine  will,  under  certmn  circumatancea, 
deposit  urates.  Whether  occurring  in  the  system  (bladder), 
or  out  of  the  l)ody  after  emission,  the  conditions  of  the 
deposit  are  identical ;  there  ia  not  a  sufficient  quantity  of 
water  present  to  hold  all  the  urates  in  solution  at  a  certain 
'  Br  loiing  wkler.-  Thadiclium. 
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temperature.  The  urine,  therrforc,  after  boiiig  saturated  with 
the  urates,  deposits  the  excess;  by  the  addition  of  wattr,  or 
urine  not  saturated  witL  urates,  this  excess  may,  under  all 
circumstances,  be  dissolved.  By  concentration  of  urine,  a 
deposit  of  urates  may  be  produced. 

Aa  the  only  indication  of  a  deposit  of  urates  is,  therefore, 
that  the  urine  containing  it  is,  at  that  temperature,  saturated 
with  them  ;  and  as  this  may  occur  after  a  dance,  after  absti- 
nence from  liquids,  or  in  a  fever,  this  indication  in  itself 
amounts  to  nothing.  The  amount  of  the  urates  may  be  the 
ordinary  one,  though  there  be  a  deposit.  The  ijidication  of 
a  deposit  of  urates  Ijecomes  of  importance  only  wlien  con- 
sidered with  relation  to  the  total  quantity  of  urine  and 
dissolved  urates  discharged  in  twenty-four  liours ;  with  this 
view  we  have  to  distiugmsh  two  diflcrcnt  cases, 

a.  If  the  bulk  of  the  urine  for  twenty-four  hours  is  the 
normal  average,  and  if  a  sediment  of  urates  continucB  to  exist 
in  that  urine,  it  is  tolerably  certain  that  iin  absolute  excess 
of  urates  is  present.  (See  the  indications  of  an  excess  of  uric 
acid.) 

b.  If,  on  the  other  hand,  the  urine  for  twenty-four  hours 
is  below  the  average,  a  deposit  may  possibly  lie,  and  in  most 
cases  is,  due  to  saturation  only.  The  easiest  process  of  ascer- 
taining this,  for  ordinary  piictical  purposes  at  lettst,  is  to 
dilute  the  urine  with  water  to  its  average  bulk,  and  to  shake 
it  well.  If  the  deposit  does  not  entirely  dissolve,  an  excess  of 
urates  is  present,  The  safest  proceeding,  however,  is  to 
ascertain  the  whole  amount  of  uric  acid  secreted  in  twenty- 
four  hours. 

If  the  presence  of  a  deposit  of  urates  be  taken  as  an  indi- 
cation of  the  satiu^tion  of  urine  by  these  salts,  and  if  the 
latter  be  assumed  ordinarily  to  be  of  the  usual  amount, 
deposits  of  that  kind  become  more  valuable  as  signs  of  a 
diminished  secretion  of  water  by  the  kidneys  than  of  any 
other  symptom.  As  the  appearance  of  a  deposit  of  urates  is 
always  accompanied  by  morbid  sensations  and  objective 
symptoms,  in  the  liealthy  by  thirst  at  least,  if  by  notMug 
more,  the  conclusion  is  simple  enough.  Tht  individual  whoBe 
urine  kwt  deporiled  llw  urates  does  not  drink  water  enough, 
and  mml  drink  more,  and  mtiat  drink  go  much  that  the  urine, 
at  the  ordinary  temperature  of  the  air,  shall  remain  clear.  Of 
course,  in  some  cases  this  will  be  neither  possible  nor  advi- 
sable ;  but  in  most  cases  of  acute  and  febrile  disease,  it  should 
l)e  a  plan  of  treatment.  I  have  certainly  seen  it  attended  by 
beneficial  results  in  many  eases ;  I  have  also  observed  the 
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contrary, — want  of  water  in  the  system  to  he  a  source  of 
disease. 

Deposits  of  Urates  occifrrint/  in  the  urinary  passages. 

In  speaking  of  the  concretions  and  caJcidi,  1  shall  have  to 
show  in  detail  the  practical  importance  of  this  class  of 
deposits;  here  it  may  suffice  to  state  that  on  an  average 
20  calculi  out  of  230,  or  8'(iO  per  cent.,  present  nuclei  of 
urates,  and  37  more  out  of  230,  or  IG'08  per  cent.,  contain  a 
certain  amount  of  urates  in  the  form  of  layers  or  crusts. 
The  urates,  therefore,  somehow  or  other,  enter  into  the  com- 
position of  SJ'Ta  i>er  cent.,  or  almost  one  quarter  of  all 
calculi  existing. 

Practically  it  is  important  to  distinguish  two  modes  in 
which  deposits  of  urates  may  be  produced  in  the  urinary 
passages. 

a.  A  urine  nearly  or  just  saturated  with  the  urates  is 
secreted  by  the  kidneys,  anfl  collected  in  the  bladder.  By 
the  endosmotic  activity  of  the  veins  and  absorbents  of  the 
bladder,  a  further  concentration  of  the  urine  is  brought  about, 
in  consequence  of  which  a  certain  amount  of  the  urates  passes 
out  of  solution,  and  forms  a  precipitate.  These  cases  may  be 
of  rare  occurrence,  as  is  generally  believed;'  or  they  may  be 
overlooked,  and  the  deposit  may  be  taken  for  an  ordinary 
deposit  by  cooling.  It  is  just  possible  that  the  following  case 
might  have  escaped  ray  observation,  but  for  the  retention  of 
urine  accompanjing  the  deposit  in  the  bladder,  making 
necessary  the  use  of  the  catheter.  The  turbid  urine,  which 
escaped  by  the  instnimeiit,  altbrded  ocular  proof  that  the 
deposit  (already  alluded  to  on  p.  Ul)  had  been  formed  in  the 
bladder. 


—  Ti^hut  ptltfhialU.—V..  ti— ,  ct.  2,  *  delinte  girl,  hid  hcen 
some  time  "  oul  of  canillliQD."'  Iiad  got  lliin.  *nd  bren  inresled  with  threail. 
worms,  which  being  removed  for  a  liinc  b;  the  aid  of  unlooiiie  m  oil,  reappeired 

On  tlie7tho( September.  1856,  I  wm  requuted  to  Ke  the  child.  PoriheluE 
forlnight.  her  pareali  hui  |>erccived  her  to  lie  uoiisually  quiek  of  perception 
{"  tharp").  Some  dayi  since  the  iregin  to  coiiipltiii,  and  on  the  Sih.  felt  to  ill, 
tbit  >he  wanted  to  lie  down.  On  the  6th  ■  ru)i|  memhling  Qea-liilct,  made 
iti  appearance. 

7ih. — The  child  i*  gidilr,  and  «aii(f  lo  lie  down,     She  is  tiglil-hcaded,  almoil 


'  will  pardon  the  Iranifereiice  of  this  popular  term  to  man  from 
.0  our  most  uaeful  quadruped,  the  hoTM.  The  phrase  is  equlTalenl 
lilment. 
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tleep*  >ery  t 


;  helclache,  frtqueiitlf  taking  her 

'-■  She 


I,  Hnil  uttering  cxcl ■mil ions  eipreibiie  of  lli  . 
(wake  the  grealer  part  »f  the  night  till  two  or  three 
_.  She  tiB>  no  aiipetitc,  liut  is  lerj  Ihinlj;  her  lips  ire 
dry  and  peeling;  her  tongue  ii  covered  with  ■  thick  fur  in  tlie  middle,  red  ■■ 
the  lidei  and  point,  hut  luoi)!  ■!!  over.  Since  the  Uit  nnUan,  two  diya  ago, 
whicii  coDtaiued  maiij  wonns,  the  bnwelt  have  b^rn  confined.  The  abdomen  it 
Mjfl,  not  t;nipanitic  The  pulse  ii  ^erj  tiolent  and  hard.  The  akin  ii  hot, 
generally  pale,  hut  covered  with  petechia:  of  the  eiict  form  of  Bea-hitei,  namely, 
a  purple  ipot,  or  the  liie  of  the  circuniference  of  a  pin'i  head,  iiiriounded  with  a 
halo  of  1  rainier  purple  colour.  The  spoil  do  not  disappear  on  preiiure.  I 
gave  her  a  scruple  of  the  sjinip  of  iodide  of  iron,  three  times  a  day.  Of  a  niii- 
ture  of  two  ounces  of  alive  nil,  half  au  ounce  of  caatot  oil,  anil  six  grajui  of 
aaotoniiic,  she  look  two  leatpoonfuli  at  once,  and  one  teaipooujful  every  hour.  It 
required  half  the  oil  to  produce  a  dark,  moulded  motion. 

Htli. — Continues  much  the  same.  The  spots  have  in  some  degree  lost  Ibeii 
halo.     In  the  evening,  the  girl  being  aleepleu  and  wandering,  she  began  to 

9lh. — The  exanthema  itindi  nicely,  and  tlie  apoti  have  got  larger.  The  child 
is  very  feverish.  The  urine  passed  yesterday  is  acid,  reddiah-yellow,  contain! 
much  niucua,  some  epithelial  caats  from  tlie  tuhuh  of  the  kidneys,  and  deposits 
■  granular  sediment  of  urate  of  soda,  A  drop  of  ihe  urine  placed  between  two 
■lips  of  glass  soon  crysMlliies  into  a  mass  of  heautirully  detiued  cryslal*  of  urea. 
Aller  depoiitioa  of  the  small  amount  of  surplus  urates,  Ihe  tpecilic  gravity  of  the 
urine  is  I02b,  very  high  for  a  child  of  that  age, 

1 0th. — The  apols  get  amaller,  and  lose  their  hslo.  Tim}  now  do  disappear  hy 
pressure,  and  return  after  it.  The  tongue  i>  getting  cleaner  &om  the  sidEi, 
She  only  passed  a  imslt  quaiiliiy  of  iinne  once  tii  ihe  course  of  that  day,  with  ■ 
motion  of  the  bowels.     She  squints  when  excited, 

lltb. — The  «|iot«  contiuiie  to  get  paler.  The  tongue  Is  cleaniog.  The  con- 
dition of  the  abdomen,  contraaied  with  its  sofi,  nsy  llshby  stale,  fire  days  ago, 
■bows  diatension.  Ocular  inspection  and  percussion  show  Ihe  collection  of  urine 
in  the  bladder,  from  which  nothing  had  passed  since  yesterday.  A  warm 
paullice  put  over  the  alidamen  and  vulva,  and  a  warm  hath,  not  being  of  any 
avail  in  relaxing  the  sphincter  of  the  bladder,  the  cathelcT  was  applied,  and 
idNHil  eight  ounces  (perhaps  nine,  with  the  unavoidable  loss)  of  urine,  mixed 
with  a  while  deposit,  in  flakes,  escaped  by  ihe  inatruoient. 

It  was  the  urine  of  two  days,  mixed  with  a  copious  deposit,  which,  on  stand- 
ing, settled  to  Ihe  Iwttom  of  the  vessel.  The  urine  now  appeared  of  a  reddish- 
yellow  colour,  and  of  acid  reaction.  In  a  specimen,  miied  with  half  its  bulk  of 
nitric  acid,  nitrate  of  urea  crystalliied  on  standing.  The  colour  then  became 
deep  red.  Kydrochlonc  acid,  when  ailded  in  sufficient  qoantity,  at  first  coloured 
the  urine  dork  blue,  nearly  black;  but  tbii  colour  after  two  or  three  hour* 
transformed  into  dark  cherry-red.  A  deposit  of  cyanourine  did  not  therefore 
lake  place,  though  the  reaction  waa  indicative  of  the  presence  of  an  aaceas  of 
oroiauthine.  The  urine  became  black  and  dirty  on  the  idmiiilure  of  sulphuric 
acid.    The  specific  gravity  ofthe  urine  waa  IDZS, 

The  deposit  was  while,  and  consisted  of  the  urate  of  soda  in  dnmh-bells, 
globules,  and  irregular  aggtomeralions,  mostly  covered  with  spinODS  maasaa  of 
the  moat  varied,  luiiciful,  and  irregular  descriplinn.  Snme  of  Ihe  globular 
masses  were  lo  large  that  they  could  he  diatinguiihed  with  the  naked  eye;  and 
tinder  the  microscope,  bristled  with  spinous  masses.  That  Ihe  spines  were  tiraM 
of  aoda  was  evidenced  by  their  solubility  in  water;  a  depimt  when  washed 
on  the  filter  wiih  water,  dissolved  entirely,  leaving  no  residue.  By  the  influence 
of  an  acid,  the  urate  was  transformed  into  ovoid  crystals  of  uric  acid. 

l!lh. — The  calheterism  of  yrttenlay  was  followed  by  great  relief,  and  the 
child  passed  a  little  urine  spontaneously  soon  after.  Bui  the  relentioo  con. 
tinued ;  and  on  this  day  the  catheter  discharged  four  ounces  of  the  same  de- 
scription nf  urine,  with  Ihe  same  amount  and  quality  of  aedinient  m  on  tbc 
day  before. 
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On  Ihree  following  diyi  llie  urine  hail  to  be  drawn  witb  the  callieter.  alioning 
CDch  litoe  the  umc  chiracMrs  snd  the  ume  ledioient. 

On  (he  IGtIi.  the  child  patted  urine  ipontineoutly,  Mill  mixed  vith  b  depotit; 
bul  it  coniiilert  of  panulei  «nd  damb-!iell»  onlj.  wilh  »hort  indicition»  of 
ipinoui  mutes  only.  Thii  loileil  for  two  or  Ihree  dayi.  after  which  the  iirine 
bccuue  clear,  lud  after  staadtng  twenty-four  liaun  depotited  ovoid  ciyglali  of 
uric  Bcid.  Prom  Ihi)  time  tlie  child  recovered  her  alreiigth  rapiilly;  and,  with 
the  uaiitance  of  lome  quiniue  and  iron,  ni*  lOon  much  itrongi!!  kuiI  better 
looking  than  al  my  lime  before  her  illneu. 


1  must  not  omit  to  state  that  from  the  10th  to  the  20th 
the  child  had  takeu  no  medicine  whatever,  owing  to  the 
absence  of  any  indication.  This  is,  perhaps,  in  favour  of  the 
observation,  and  showe  that  a  discharge  of  urate  of  soda  in 
the  form  of  sediment  is  not  necessarily  connected  with  the 
patient's  taking  carbonate  of  soda,  a  connection  whitJi  seems 
to  have  been  assumed  by  Dr.  G.  Bird.^ 

The  practical  considerations  on  this  case  are  many  in 
number;  but  most  important  arc  the  questions  on  the  causes 
of  the  deposit  and  of  the  rctetition.  That  the  deposit  is  due 
to  concentration  of  the  urine  in  the  bladder  after  secretion 
from  the  kidneys  cannot  be  doubted.  Urine  nearly  or  per- 
fectly saturated  with  the  urates  arrived  in  the  bladder ;  there 
it  waa  deprived  of  a  certain  amount  of  water,  and  a  deposit  of 
the  nature  described  fell  down.  Now  it  is  just  possible,  and 
very  probable,  that  the  spinous  hedgehog-like  masses  so 
irritated  the  mucous  membrane  of  tlie  urethra  at  the  infun- 
dibtdum  as  to  cause  spasmodic  contraction  of  the  sphincter. 
1  have  seen  strangury  caused  by  the  passage  of  almost  micro- 
scopical crystals  of  uric  acid,  and  yet  they  were  ovoid  round 
bodies.'  This  confirms  my  opinion  on  the  cause  of  the  retention. 
1  will  not,  however,  deny  the  influence  which  the  nervous 
system  may  have  had  in  the  spasmodic  action,  seeing  that 
ttierc  was  spasm  in  other  parts  as  well,  namely,  in  the  muscles 
of  the  eye.  Those  of  my  readers,  however,  who  should  be 
inclined  to  ignore  altogether  the  nature  of  the  deposit  as  a 
mechanical  cwuse  of  the  irritation  producing  the  spasmodic 
retention,  1  will  only  remind  that  the  spinous  deposit  appeared 
and  disappeared  simultaneously  with  the  retention ;  and  that 
a  deposit  of  a  much  less  irritating  shape  was  discharged  before 
tlie  retention  set  in  and  after  it  ceased.  Undoubtedly,  we 
must  be  very  cautious  in  these  conclusions,  because  accurate 
oliservation  is  so  very  difECTilt  in  these  cases.  Cousciona 
of  this,  I  yet  hope  that  1  have  taken  the  common-sense  view 
of  tlie  observation, 
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It  may  not  be  out  of  place  here  to  quote  tlie  following 
passage  from  Dr.  Prout,^  which,  refening  to  actual  obBervations 
similar  to  the  one  just  now  related,  suggests  the  probability 
that  in  some  cases  the  urate  of  soda  deposit  may  close  the 
orethra  by  forming  a  simple  plug,  and  without  any  spasmodic 
action  being  perceptible. 

"  About  this  period  of  life  (viz.,  the  afjc  of  forty)  or  later, 
we  occasionally  see  in  certain  modifications  of  gouty  con- 
stitution large  quantities  of  the  lithate  of  soda,  perfectly 
white,  deposited  in  the  urine.  This  compound  sometimes 
aseumca  the  form  of  amorphous  sediment,  and  renders  the 
urine  quite  milky  when  passed ;  hut  I  have  seen  it  copiously 
secreted  of  the  consistence  of  mortar,  especially  during  the 
night ;  and  in  this  case  it  is  apt  to  collect  into  masses  and 
block  up  the  urethra,  so  as  to  occasion  considerable  difficulty 
in  passiug  the  urine.  Such  instances  are  very  rare,  and 
appear  to  he  associated  with  organic  disease  of  the  kidneys, 
and  perhaps  other  organs."  Of  this  association,  however. 
Dr.  Prout  has  not  given  any  proof  in  observation. 

b.  The  second  mode  in  which  deposits  of  urates  may  he 

produced  in  the  urinary  passages  is  by  the  urine  in  the  bladder 

undergoing  alkaline  fermentation.     The  urates  in  this  case 

are  precipitated  iu  the  same  maimer  as  in  urine  putrefying 

in  the  open  air  or  iu  a  carefully  stoppered  gla.w  bottle.      The 

J  urates  are  less  soluble  in  a  solution  of  carlxtnate  of  ammonia 

I  than  in  fresh  acid  urine  ;  urea,  therefore,  after  transformation 

I  into  carbonate  of  ammonia,  precipitates  pmt  of  the  urates, 

1  The  fixed  alkalies,  on  the  other  baud,  do  not  interfere  with 

'  the  solubility  of  the  urates. 


Deposits  of  Uric  Acid  occurring  o/ttr  eviission. 

As  uric  acid  cannot  be  scci-eted  by  the  kidney  from  the 
blood  in  any  other  form  than  that  of  a  soluble  acid  urate,  it 
must  always  arrive  as  such  in  the  pehis  of  the  kidneys.  The 
intervention  of  a  stronger  acid  is  now  required  to  separate 
uric  acid  from  its  base.  That  the  ordinary  acidity  of  the 
urine  should  not  be  sufficient  to  effect  this,  nature  has  takeo 
care  to  arrange.  Whence,  thci-efore,  docs  the  acid  come 
which  in  urine  of  average  description  after  some  hours  or 
days  of  standing  produces  a  pi-ecipitate  of  uric  acid  ?  Scherer* 
has  shown  that  this  acid  is  the  product  of  a  peculiar  kind  of 
decomposition  or  fermentation  of  the  urine,  which  he  called 
the  acid  fermentation  jnst  because  its  main  feature  is  the 


I. .[,  Chftiiie  und  Pluii 
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prodnction  of  one  or  several  acids.  The  femicnt  he  considrra 
to  be  the  mucus,  which  causes  the  colouring  matter  of  the 
urine  to  ferment,  and  to  pive  off  amoiij;  other  sub«tsnceB 
lactic  and  acetic  atrid.  Under  the  influence  of  these  acids, 
uric  acid  is  precipitated  sooner  or  later,  according  to  the  time 
at  which  the  decomposition  of  urea  begins  to  neutralize  the 
acid  formed.  The  decomposition  of  urea  constitutcn  the 
alkaline  fermentation,  a  process  which  we  have  already  described 
in  the  chapter  on  alkaline  urine.  An  important  fact  is,  that 
if  the  alkaline  fermentation  succeeds  the  acid  one,  any  uric 
acid  precipitated  is  transformed  into  urate  of  ammonia.  Of 
the  aikaline  fermentation,  I  shall  have  to  treat  more  at  length 
under  the  section  on  triple  phosphates. 

Deposits  of  Uric  Acid  occurring  in  Ike  urinary  organ». 

As  the  alkaline  fermentation  of  urine  after  emission  may 
already  take  place  in  the  body  under  certain  circum stances, 
it  has  by  analogy  l>ecn  thought  possible  that  the  acid  fer- 
mentation may  also  occur  in  the  urinary  organs,  It  is  true 
tliat  the  direct  proof  of  such  a  process  has  not  yet  been  given ; 
yet  many  facts  have  been  adduced  in  support  of  this  «ew, 
which  at  least  make  it  much  more  probable  than  any  other 
theory  liitberto  advanced.  And  even  should  it  afterwards 
turn  out  that  uric  acid  in  the  urinary  passages  is  not  exclu- 
sively precipitated  by  acids  generated  by  fermentation,  yet  in 
so  many  instances  this  seems  to  be  the  case,  that  we  can  have 
no  hesitation  in  adopting  this  theory. 

We  know  that  difl'erent  pathological  conditions  of  the 
system  may  so  influence  the  mucus  of  the  urinary  passages, 
as  to  cause  it  to  ferment  the  urine  in  sixteen  or  tWenty-four 
hours  after  emission.  If  the  urine  be  kept  at  the  temperature 
of  the  body,  the  fermentation  will  frequently  precipitate  uric 
acid,  even  in  so  abort  a  time  as  six  hours.  The  mucus  in  this 
case  was  evidently  predisposed  to  undergo  the  changes  neces- 
sary to  become  a  ferment;  and  changes  which  ordinarily 
occur  out  of  the  body  had  already  taken  place  in  the 
l^y. 

On  the  other  hand,  we  know  that  iu  eases  where  uric  acid 
is  set  free  in  the  urinary  organs,  pathological  conditions  are 
present  in  the  system,  which  are  analogous  to,  or  identical 
with,  those  conditions  under  the  influence  of  which  an  early 
acid  fermentation  of  the  urine  takes  place,  Nay,  we  know 
even  that  the  early  fermentation  and  production  of  uric  acid 
in  the  urine  after  emission  is  very  frequently  a  forerunner 
of  the  deposition  of  uric  acid  in  the  urinary  organs. 
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Of  course  the  effect  produced  by  the  acids  created  by 
fermentation  will  be  materially  influenced  by  the  degree  of 
acidity  which  the  urine  possesses  on  leaving  the  kidneys.  We 
here  suppose  that  no  urine  can  possibly  he  secreted,  which  by 
itself  is  so  acid  as  to  precipitate  uric  acid.  This  substance 
would,  if  that  was  the  case,  have  to  be  looked  for  in  the  sub- 
stance of  the  kidney,  where  we  scarcely  ever  fi^d  it. 

The  circumstances,  therefore,  which  precipitate  uric  acid 
in  the  xirinary  organs,  seem  to  be  the  flow  of  an  acid  urine 
over  a  (mucous)  membrane,  the  secretion  of  which  is  in  a 
condition  to  act  as  a  ferment  of  the  colouriug  matter  of  the 
urine.  It  seems  reasonable  to  suppose  that  a  certain  time  is 
required  for  this  fermentation  to  set  in.  The  sojourn  of  the 
urine  in  the  bladder  seems  long  enough  for  the  inductiou  of 
^tbis  process ;  it  is  more  difficult  to  explain  its  occurrence  in 
Bllie  kidney,  and  yet  it  is  just  thgre  where  uric  acid  is  moat 
P frequently  deposited  in  an  insoluble  form^  That  urine  may 
collect  in  the  calyces  of  the  kidneys,  we  have  every  reason  to 
believe.  The  contractile  powers  of  the  pelves  and  mfundibula 
become  less  with  age ;  the  lower  part  of  the  pelvis  may  not 
be  quite  emptied  of  its  contents,  particularly  in  the  erect 
position.  1  have  even  obsen'cd  that  in  cerlaiu  atrophic  con- 
ditions of  the  kidneys,  accompanied  by  the  formation  of  uric 
acid  gravel,  the  pelvis  of  the  kidneys  and  sacs  of  the 
tnfundibula  become  so  wide,  as  to  contain  urine  after  death  : 
a  sure  proof  that  they  could  not  expel  their  contents  during 
life,  thoiigh  there  was  no  obstriictiou  in  tlie  ureters.  This 
condition  only  occurs  in  later  life,  to  which  renal  coitcretiona 
almost  exclusively  are  proper.  In  children  and  young 
persons  this  affection  is  very  rare. 

t.  GS.  died  of  cancer  al  ihe  ■tomwh.  He  h*d  bMti 
r  iiart  of  hia  life,  1  mule  (lie /HMf-morfm  eiami- 
s  lumour  invulving  Ibe  Urger  Cur- 
Iwo  large  eaneeroiii  muae*  in  lh« 
by  meana  of  infeiting  the  clat  in  the 
canceroua  juice  mnat  probibly  c<Mgu- 
le  bedi  of  onceroutcdl-deiflopiiieai. 


Obbcrtatioh. — A  mir 
a  draukard  diiriug  the  li 
■utioa  uf  Ilia  body,  ind  round  s  hard  ci 
vature  of  the  alomach.  There  were  ■ 
liver,  nhither  the  cancer  had  progresie 
gmatric  mini,  and  in  the  portal  Tcin.  T 
Ut«d  the  bJmd  ;  and  the  coagula  becimi 
Of  thia  |iroceu  all  aligea  could  1>e  observed. 

The  kidncyi  were  in  a  atite  of  contractive  atrophy,  iheir  upper  hilvy 
more  than  the  lower,  which  gate  llicm  a  very  peculiar  ahape.  Their  calyeea 
COotuned  aeieral  drachma  of  turbid  urine,  in  the  lowest  part  of  Ibe  right 
calyx  there  la;  a  number  uf  uric  acid  concretions,  true  red  grutel.  The  iirelen 
were  quite  perviom.  The  bladder  contained  no  eoncreiioni  of  any  kind.  I 
could  not  urertain  whether  Ihe  man  bad  had  any  aymptoma  of  gravel  during 
life.  U  Ihia  wia  the  ctae  during  the  deielopmenl  of  the  cancer,  iTie  a; niploma 
probalil]!  merged  In  the  Buffering  attending  thia  iliieste. 
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Cryatalliznd  Sediments. 

The  formation  of  uric  acid  deposits  in  the  hladder,  by  means 
of  the  acid  fermentation,  is  not  of  very  rare  occurrence.  It 
is  freijuently  ascribed,  togetlier  with  tlie  formation  of  deposits 
in  the  kidneys,  to  the  so-called  uric  acid  diathesis ;  a  term 
intended  to  comprise  all  diseases  which  have  a  tendency 
towards  the  development  of  a  symptom,  namely,  the  precipi- 
tation of  uric  acid.  Except  this  symptom,  irregular  as  it  is, 
these  diseases  have,  however,  nothing  in  common.  In  fact,  the 
term  "uric  acid  diathesis"  has  been  made  the  lumber-room  into 
which  to  tlirow  a  number  of  ill-defined  pathological  condi- 
tions. Uric  acid  has  been  made  the  sinner,  where  it  has 
taken  a  most  neutral  or  passive  part  only.  Not  even  has  the 
proof  been  given  that  uric  acid  plays  any  part  in  these  cases 
at  all ;  not  even  has  the  proof  been  given  that  uric  acid  really 
has  been  in  excess  in  cases  where  the  existence  of  the  deposit 
has  been  taken  as  a  proof  of  the  excess.  In  fact,  the  uric  acid 
diathesis  is  one  of  the  few  survivors  of  the  number  of  dia- 
theses that  served  bygone  generations  as  the  guid  pro  quo  of 
an  explanation. 

The  following  observations  serve  to  show  the  difference 
that  may  exist  between  cases  in  whicli  a  precijiitate  of  uric 
acid  formed  in  the  bladder  is  oue  of  the  symptoms  : 

OsfcElivATio!!. — Mn.  T — ,  itt.  Jb.  htd  undti^nc  great  tnenUl  aniiety; 
■nd,  in  coowquancc  *|)|iBrently,  Ion  her  bodily  health.  There  were  lois 
ur  >|ipetite,  indigntioii,  and  increue  of  the  hibilual  constipation.  There  waa 
headache  OTet  Ibe  ejebrowi,  with  fliuliing  o/  the  face,  and  heat  aod  dryaeu  of 
the  surfai^e  of  the  body.  The  urine,  uu  being  paued,  wai  turbid,  bfiii;  mixed 
with  I  darlt-hrowu— aliuoii  black — lediment,  agipcaring  like  floe  colTee-gnHindi. 
The  tediment  aeeiued  to  locreaie  somewhat  after  cooling.  Under  the  microacope 
it  exhibited  itself  to  be  coiuposed  of  rhonibi  of  uric  acid,  mixed  with  an  equal 
amount  of  granular  urites.  A  pill  of  a  grvin  of  powdered  ipecacuanha,  with 
four  grains  of  rhnbarb.  taken  befiire  eiery  meal,  leemed  to  eierl  a  rery  bene, 
ficial  influence  upon  the  digealive  organs.  An  alkaline  miiliirei  taken  three 
hours  aTicr  the  principal  meali,  counteracted  the  heartburn.  Uodar  this  treatment 
ihe  deposit  gnilually  disappeared. 

June  12lh,  1956,— After  three  weeii!  of  apparently  good  henllb,  another 
nltack  of  snivel  came  on.  The  lymplomf  nere — pain  in  the  loins  and  cheat 
and  around  Ihe  slDmach.  great  flatuleacy,  great  want  of  ippelite,  proatralioo  of 
strength,  and  headache.  The  bonds  had  been  kept  iipcn  by  the  rliuliarb  and 
ipecacuanha  pills  taken  before  meals;  ihey  eien  had  been  reltned.  ■  very  un- 
usual thing  with  this  patienl.  The  alkatine  mixture  soon  reltored  her  lu  health, 
aa  I  believe.  The  uric  acid  crystals  nere  smalt,  with  double  outline,  dark 
brown,  and  were  mixed  with  very  Ugbt  hexagonal  plates  of  what  may  have  been 
orate  of  soda. 

2Bth. — There  «u  a  tingle  diicharge  of  gravel  after  some  beat  in  the  face, 
puu  in  the  ilomach,  anil  great  flalnleucy.  The  depotit  waa  moil  copious. 
Tbecryitali  were  hour-glass  shaped  and  ovoid,  t  did  nul  prcsi-nlw  any  medicine 
nil  this  occasion,  but  merely  enjoined  the  poiicnl  lo  empiv  ibc  bladder 
frequently. 
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A  tonic  plan  of  IreUmenl  <cu  nnw  adapled,  wliich  compriird  qiilnrne  ■ud 
irodu  Ihe  (jhirmKeulicBl  elemenu  i  coJd  agionging  liilhand  excrciK  u  Ihe  hy- 
gienic part ;  Dnd  ricb  diet,  villi  ■  largrr  RmDant  of  spring  niter  taken  between 
meil-tiniei.  na  the  dielctie  r^lme.  A*  no  depotit  bu  occurred  lince,  1  luppoia 
th«  treilnienl  nil  lucceuliil. 


This  case  being  one  where  the  deposit  was  formed  in  the 
urinar}'  organs,  is  a  good  illiistratioii  of  a  certain  class  of 
circumstances  under  which  tbia  may  occur.  The  danger  of 
the  formation  of  a  concretion  is  great  in  these  cases.  The 
best  preventive  measure  is  the  fi'ee  use  of  drink-water,  and 
the  frequent  discharge  of  the  urine  from  the  bladder.  In 
this  manner  the  urinary  passages  are  freed  fi^m  ferment, 
and  the  urine  is  not  allowed  time  to  undergo  fermentative  de- 
composition. 

The  following  case  is  very  different  fr«m  the  former,  as 
regards  age  and  condition  of  the  patient,  and  the  symptoms 
under  which  tlie  deposit  occurred  : 

ObsirvatiOn.— MislET  B — .  >  line  strong  bof,  nineleen  monlliB  aid.  had 
■ufTered  from  levvre  bronchitis  during  tlie  wiuter  1855-56.  witli  eon|ealioti  of 
the  lunji.  It  one  time  bordrring  on  pneunionio.  He  h«d  ■  lecond  wTere  ■Itnck 
in  the  early  part  of  the  ipringof  1956,  wbeiist  lioulogiie.  Prom  both  alliclia  lie 
had  perfecllj  recovered,  when,  at  Ihe  heginuinj  of  May.  hit  mother,  then  itsj. 
ing  niih  bim  at  Gravciend,  niiticvd  bini  to  aiilTer  from  irritation  of  the  hliddir, 
the  child  being  obliged  to  pHs  urine  at  ieatt  iweWe  or  fifteen  time*  in  the  courM 
of  the  dij.  I tu mediately  after  the  nater  had  been  patied.  a  red  uiid  lubaided 
to  Die  iKHtom  of  ilie  veuel.  The  cliitd  »as  well  again  next  day,  mthout  any 
treatment  hating  bf«n  bad  recoune  to. 

On  Jnne  Hlh,  1836,  another  attack  of  red  Mnd  came  on,  cauting  lymptomi 
■imilar  lo  Ihnae  on  the  tint  oceaiioo.  The  urine  rin  paiaing  contained  a  lai^ 
amount  of  a  liglil-browu  ledimeiit  of  uric  add.  The  cryitali  nere  diilinguiihed 
by  their  containing  very  little  colouring  matter,  lo  that  in  bttong  light  lome 
almoit  etcaped  oliierration.  They  were  all  flat  rhombic  plitei  of  dllTerent 
aaglca.  The  urine  waa  highly  conceoirated  i  urea  cryitalliiiag  ipontaneoualy 
from  a  drop  on  a  tlip  of  gtaa*. 

In  this  case  the  disorder  seemed  to  have  some  connection 
with  the  diet  of  the  child,  to  which  he  either  restricted  him- 
self or  was  restricted,  namely,  milk  diet,  taking  for  three 
meals  nothing  but  milk,  with  bread  and  butter  or  biscuits. 
Whether  the  child  got  well  epontaneously,  as  on  the  former 
occasion,  or  whether  the  change  to  a  more  mised  diet,  with 
light  vegetables  and  meat,  had  any  share  in  the  disappearance 
of  the  deposit,  I  do  not  dare  to  decide.  The  deposit,  how- 
ever,has  not  reappeared  since.  This  case  seems  worth  noticing, 
as  the  uric  acid  deposit  and  the  strangury  caused  thereby 
were  the  only  disorders  that  could  be  discovered,  the  child 
being  all  the  time  as  well  and  blooming  as  one  could  wish  any 
child  lo  be.     It  is  powsible  and  probable  that  the  strangury 


act  up  by  tlic  uric  apid  cn,'aUds  in  this  aud  mauy  similar  cases 
of  crystallized  deposit,  ia  the  means  of  preventing  the 
formatiou  of  concretions,  and  their  retention  in  the  urinary 
passages. 

The  urine  of  this  Ijoy,  in  which  another  sediment  occurred 
after  filtration,  yielded  eome  few  crystals  of  uric  acid  on  addi- 
tion of  acetic  acid.  But  the  case  of  the  aged  lady  bore  out  the 
statement  of  Dr.  Prout,'  that  the  urine  is  so  completely  di- 
vested of  lithic  acid  by  this  peculiar  arrangement  of  the 
urinary  principles  (which  we  now  believe  to  be  acid  fermen- 
tation), that  on  adding  to  it  an  excess  of  mineral  acid,  not 
another  particle  of  lithic  acid  is  usually  deposited. 

Another  illustrative  case  of  crystallized  deposit  formed  in 
tlie  urinaiT  organs  is  recorded  by  Dr.  G.  Bird.^ 

In  chiltfren  who  arc  liable  to  the  formation  of  crystallized 
uric  acid  deposits  in  the  bladder,  "  symptoms  of  irritation 
atmut  the  urinary  organs  may,"  according  to  Dr.  Prout,'  "  be 
always  more  or  less  obsened,  if  the  child  be  attended  to.  Thus 
there  will  be  found  frequent  desire  to  pass  urine,  which  is 
voided  in  very  small  quantities,  and  with  manifest  uneasiness. 
The  irritation  about  the  urinary  organs  also  sometimes 
induces  the  child  to  wet  the  bed  by  night,"  &c.  This 
irritation  from  the  presence  of  cn'stallized  deposits  does 
not  seem  to  exist  in  adult  perBous.  It  is  not  mentioned 
in  Dr.  Bird's  case  just  quoted,  and  was  not  present  in  my 
first  case. 


Uric  Acid  Concretions. 

1 .  Sand  and  gravel. — Crystalline  seditnenls.—ThcTe  seems 
at  first  sight  to  be  no  great  reason  for  drawing  any  particular 
distinction  between  common  uric  acid  dciwsits,  on  the  one 
hand,  and  sand  and  gravel  on  the  other.  Indeed,  the  common 
deijosits  of  pulverulent  uric  acid  are  frequently  called  gravel 
and  sand  by  medical  men  and  by  laymen.  This  practice, 
however,  is  not  quite  correct,  and  should  therefore  not  be 
generally  adopted.  What  we  call  "  the  common  pulverulent 
deposit  of  uric  acid  "  is  made  up  of  single  crystals  of  that 
substance.  The  occurrence  in  such  a  deposit  of  twin  crys- 
tals, crossed  crystals,  of  crystals  simply  hanging  together  in 
a  variety  of  wavs,  is  an  exception,  and  does  not  constitute  a 
deposit  of  sand  or  gravel.  To  fall  under  the  latter  denomi- 
nation, a  deposit  must  exhibit  a  tendency  towards  a  neolithic 
arrangement  of  the  crystals^that  is,  the  crystals  must  group 


•  Loc  di.,  p.  198. 
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tbemsclves,  nith  their  prcdommant  axis,  round  a  common 
centre,  like  the  rays  round  the  luminous  IxHly  from  which 
they  emanate.  Mostly  one  or  two  lai^e  cryataU  form  the 
basis  of,  or  are  mixed  up  with,  these  globular  masses.  What 
T  should  like  to  call  "  sand,"  therefore,  would  be  masses  of 
uric  acid,  mostly  globular,  or  irregularly  roundish,  or  oblong, 
of  very  uniform  size,  from  ^th  to  -^dUi  of  an  inch  in  diameter, 
and  answering  to  tlie  above  definition.  Viewed  by  trans- 
mitted light  under  the  microscope,  the  globules  are  perfectly 
impervious  to  light;  and  the  uric  acid  crystals  on  the  surface 
are  faintly  transparent,  of  a  dark-bro**n  colour.  To  the  naked 
eye,  the  deposit  isred,withatingeof  brown.  When  disturbed, 
the  sediment  mixes  with  the  clear  urine,  but  rapidly  subsides 
to  the  bottom  when  the  fluid  comes  to  rest.  Generally,  no 
small  or  well-defined  crystals  of  the  ordinary  kind  are  mixed 
with  this  sand. 

This  description  of  sand  is  sometimes  met  with  in  the  pale 
and  watery  urine  of  early  infancy. 

Under  the  name  of  "  gravel,"  1  would  comprise  concrc- 
tiona  varying  in  siae  from  ^'atli  of  an  inch  diameter  upwards, 
until,  by  their  size,  they  become  incapable  of  passing  either 
the  ureters  or  the  urethra.  These  concretions  are  generally 
rough ;  and  if  many  are  discharged  at  one  time  are  of  variable 
size,  from  that  of  a  pin's  head  to  that  of  an  almond  (Prout). 
A  variety  of  these  crystalline  concretions  are  the  "pisiform," 
"  the  formation  of  which  is  attended  by  a  remarkable  feature, 
namely,  tfie  great  number  \q  which  they  arc  usually  generated, 
a  circumstance  which  may  be  said  to  be  characteristic  of 
tlicm.  Their  great  number  occasions  tltem  to  accumulate 
occasionally  in  the  pelvis  of  the  kidney ;  or  in  the  lower 
portion  of  the  ureters,  where  they  terminate  in  the  cavity 
of  the  bladder;  and  on  such  occasions  severe  nephritic 
attacks  are  sometimes  the  consequence.  These  concretions 
vary  in  size,  from  that  of  a  pin's  head  to  that  of  a  pea  or 
marble.  Their  form  is  always  more  or  less  globular ;  though 
they  sometimes  present  flattened  or  facetted  surfaces,  pro- 
duced by  their  contact  or  attrition  with  each  other.  Their 
surface  is  usuallv  smooth,  sometimes  even  porcelainous  or 
polished ;  and  tficir  internal  texture  is  almost  invariably 
crystallized,  and  usually  lamcllated.  Their  colour  rang** 
through  all  the  shades  of  yellow;  and  occasionally,  though 
more  rarely,  they  assume  a  dark-brown  or  reddish  colour," 
(Prout.i)  The^e  pisiform  concretions  are  mostly  deposited 
after  the  age  of  forty. 


2.  Urir  acid  cahuU. — The  number  of  calculi,  of  which  uric 
acid  forms  either  the  nucleus  or  the  entire  substance  ie  very 
great,  standing  to  the  number  of  all  other  calculi  in  the  propor- 
tion of  two  to  three.  They  are  found  of  all  sizes,  from  the 
largest  pisiform  concretions  to  stones  of  five  or  six  ounces,  or 
more,  in  weight.  If  formed  in  the  pelvis  of  the  kidney,  a 
uric  acid  stone  may  have  a  very  irregular  rough  shape  and 
surface.  If,  however,  the  body  and  crust  of  the  stone  have 
been  formed  in  the  bladder,  as  is  mostly  the  case,  the  shape 
will,  in  general,  be  that  of  a  flattened  ovoid,  the  flattening, 
in  many  cases,  being  so  trilling  as  to  escape  notice.  The 
exterior  of  the  uric  acid  calculus  is  slightly  tuberculated ; 
but  in  many  cases  the  tubercles  are  so  water-worn,  that  the 
surface  is  smooth.  In  colour,  uric  acid  calculi  vary  from 
reddish -yellow  or  fawn-colour  to  brownish-red,  or  brown  with 
an  admixture  of  red,  like  old  mahogany.  On  being  divided 
hy  a  saw,  they  are  seen  to  he  composed  of  concentric  layers, 
which  are  of  variable  thickuess  when  compared  with  each 
other.  Kut  every  layer  preserves  its  own  thickness  pretty 
regiUarly  all  round  the  calculus.  The  texture  of  the  stone  is 
best  seen  on  the  surface  of  a  fracture.  In  hard  and  pure 
stones  it  is  crystalline,  fibrous,  the  fibres  of  each  layer  verging 
like  radii  towards  the  centre  of  the  stone.  On  breaking  a 
stone,  the  fracture  will  mostly  be  parallel  with  these  crystal- 
line fibres.  Stones,  however,  wliich  are  less  dense  and  less 
pure  are  earthy,  and  amorphous  in  fracture.  Some  few 
stones  are  so  hard  that  they  give  a  ringing  noise  on  percus- 
sion, a  sharp  sound  like  a  pebble,  and  on  being  chipped  ex- 
hibit a  conchoid  fracture.  These  stones  are  very  dangerous, 
when  they  become  the  subjects  of  the  process  of  lithotrity, 
for  their  fragments  are  so  sharp,  that  they  wound  the  bladder, 
and  cause  infiltration  of  the  urine  into  the  adjacent  cellular 
tissue ;  the  consequences  of  which  are  mostly  extensive  mor- 
tification and  death.  It  is,  therefore,  of  high  practical 
importance  to  ascertain  the  circumstances  under  which  these 
hard  stones  may  he  formed. 

The  laminated  structure  of  the  uric  acid  calculi  (and  of  all 
other  laminated  calculi)  shows  that  they  are  formed  by  the 
gradual  precipitation  of  uric  acid  from  the  urine,  the  preci- 
pitated substance  being  deposited  in  an  equal  layer  all  over 
the  surface  of  the  concretion,  which  forms  the  nucleus,  and 
also  over  the  surface  of  all  subsequent  layers ;  a  circumstance 
which  is  the  condition  of  the  parallelism  of  the  rings  seen  on 
section.  The  layers,  however,  show  something  more ;  namely, 
that  the  formation  of  tlie  stone  has  been  interrupted,  or  has 
taken  place  al  difl'erent  intervals.     Of  this  circumstance  there 
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could  not  be  given  so  good  a  desmption  as  that  of  Dr.  Pniut : ' 
"  Between  flic  differeot  intenaU  at  which  ihe  diSerent 
luniiue  have  been  formed,  periods  have  intervened  during 
which  no  depo^tion  has  taken  place.  This  remark  Qot  oul^ 
applies  to  the  different  laminae  of  a-hetert^eneous  exJculiu, 
but  tc  the  different  laminae  of  calculi  composed  of  the  same 
anbstance ;  as  for  instance  to  the  different  tamiase  of  which 
lithic  acid  concretions  usually  consist.  This  explanation  is 
iu  |)erfeet  accordance  vrith  the  circumstances  attending  the 
formation  of  calculi,  which  often,  as  is  well  known,  remain  in 
the  bladder  for  a  great  number  of  years,  without  attaining 
any  remarkable  size.  Moreover,  the  constant  state  of  change 
alone  to  which  the  uHuc  in  all  tndinduals  tg  liable,  almost 


precludes  the  n 


n  of  homo^aeity  in  a  calculu: 
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e  may 


suppose,  therefore,  that  certain  changes  take  place  in  the 
urine,  during  which  the  law  of  continuity  of  deposition  is 
suspended,  and  the  snrface  of  the  concretion  becomes,  as  it 
were,  waler-warn  and  less  apt  for  future  accretion ;  in  short, 
assumes  all  the  properties  of  a  heterogeneous  substance. 
Under  these  circumstances,  when  a  tendency  to  deposition 
occurs,  it  will  have  to  commeuce  de  novo,  and,  as  it  were, 
upon  the  surface  of  a  foreign  body.  The  cousequence  will 
be  that  the  adhesion  between  the  new  and  the  old  coats,  or 
laminx,  will  Iw  less  firm  than  in  the  intermediate  parts,  and 
that  a  calculus  thus  formed  will  be  disposed,  when  broken,  to 
separate  into  concentric  lamiuBe."  To  this  we  have  only  to 
add  that  one  great  cause  of  the  formation  of  layers  is  the 
periodicity  with  widch  the  bladder  is  emptied  of  its  contents. 
If  uric  acid  is  really  precipitated  by  acid  fermentation,  and 
if  for  this  fermentation  to  produce  a  sufficient  amount  of 
acid  a  certain  time  is  required,  during  which  the  ferment 
must  be  in  contact  with  the  substance  to  be  fermented,  then 
no  uric  acid  can  be  deposited  immediately  after  the  bladder 
has  discharged  its  contents ;  and  no  uric  acid  can  be  depo- 
sited if  the  bladder  is  so  irritable  as  to  discharge  its  contents 
at  frequeut  aud  short  intervals,  a  condition  which,  as  I  have 
already  stated,  I  Ix^lieve  to  be  the  main  safeguard  against 
the  more  frequent  occurrence  of  stone  in  the  bladder.  If, 
on  the  other  hand,  the  calculim  does  not  irritate  the  bladder 
at  ordinary  times,  or  is  the  mechanical  cause  of  a  retention 
iif  part  or  the  whole  of  the  mine,  so  that  the  urine  haa 
time  to  be  collected  and  to  be  fermented,  a  deposition  upon 
the  calculus  will  take  place. 

Chemical  characters  of  uric  acid  concreliojis. — The  chemical 
'  Loc.  cil„  p.  361. 
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characters  are  those  of  uric  acid.  But  da  the  concretions  may  be 
more  or  less  pure,it  ia  advisable  to  follow  a  method  in  aualysing. 
The  blowpipe  decides  whether  the  stone  leaves  any  residue  on 
combustion.  A  piece  of  the  stone  is  then  reduced  to  a  pow- 
der, a  weighed  portion  of  which  is  extracted  with  etlier,  then 
with  alcohol,  and,  at  last,  rejieatedly  with  boiling  water.  The 
ether  dissolves  any  fat ;  the  alcohol  takes  up  colouring  mat- 
ter J  the  boiling  water  removes  urates  and  soluble  inorganic 
salts,  aud  a  trace  of  the  acid.  If  it  is  not  necessary  to  be  very 
accurate,  the  extraction  with  ether  and  alcohol  may  be 
omitted.  The  powder  which  is  not  soluble  in  water  may  now 
be  dissolved  in  a  dilute  and  warm  solution  of  caustic  potash 
or  soda,  and  precipitated  by  carbonic  acid,  when  snowy- 
white  urate  of  soda  will  be  mostly  obtained.  Or  the  solution 
iu  jiotash  may  be  precipitated  with  acetic  acid,  when  all  the 
uric  acid  falls  down  iu  a  very  pure  state,  and  ia  obtained  by 
(lltrHtion,  washing,  and  drying.  The  combined  weights  of  the 
extracts  and  of  the  pure  uric  acid  must  be  nearly  equal  to  the 
weight  of  the  powder  taken  for  analysis. 

Concretiotts  of  Urate  of  Ammonia,  Soda,  and  Lime. 

Calcidi  composed  essentially  of  urates  are  of  rnther  rare 
occurrence,  and  seem  confined  to  children  under  puberty.' 
They  are  of  small  sijic,  and  have  a  smooth  or  slightly  tuber- 
culiited  surface,  and  a  pale  slate  or  clay  colour,  sometimes 
with  an  admixture  of  red  or  brown.  In  rare  instances  their 
colour  is  lawn,  and  in  such  stones  pink  layers  occur  towards 
the  centre.  They  are  composed  of  concentric  layers,  but  the 
layers  are  much  less  distinct  and  much  thinner  than  those  of 
uric  acid  calculi.  They  have  a  fine  earthy  fracture,  and  are 
easily  broken. 

The  chemical  diagnosis  rests  upon  the  solubility  of  the 
urates  in  boiling  water,  by  which  they  are  distinguished  from 
all  other  calculi.  After  the  urates  have  been  obtained  in  a 
pure  state  by  dissoU'ing  and  filtering,  the  uric  acid  may  be 
precipitated  by  acetic  acid,  collected  on  a  filter,  washed,  dried, 
and  weighed.  The  filtered  Huid  contains  the  acetates  of  the 
bases  with  which  uric  acid  was  eombiued.  We  evaporate  to 
dryness,  aud  expose  the  residue  to  a  red  heat,  when  soda 
aud  lime  remain,  the  former  combined  with  carbonic  acid, 
the  latter  partly  as  carbonate,  partly  as  caustic  lime.  The 
residue  ia  now  cUssolred  in  a  little  acid,  miuHatic  or  acetic; 
the  lime  is  precipitated  as  oxalate  by  the  addition  of  oxalate 


'  Vidt  Praal,  loc.  ri 
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of  ammonia^  filtered,  dried,  and  wei^rhed.  The  fihered  bqind 
contains  the  soda,  which  mar  be  determined  either  aa  mnrate 
or  acetate,  or  better,  after  heatiiif  ,  as  cajrhcmate.  If  Ibr  ereiy 
equivalent  of  base  an  eqoiTalent  of  uric  acid  be  taken,  we 
find  by  the  excess  of  uric  add  the  amoont  al  amnwiia 
which  waas  present  and  combined  with  it. 

The  calculi  composed  of  Kthates  fireqaently  contain 
oxalate  of  lime  and  small  quantities  of  the  phosphates  in 
intimate  mixture  with  the  Uthatea.  They  are  then  called 
mired  calcmH. 


Layers  of  Uric  Acid  amd  Urates  m  ahemmtmg  amd  waxed 

CalcuIL 

These  layers  are  due  to  the  same  causes  as  the  maasiTe 
concretions.  But  there  seems  to  be  one  cause  of  the  occur- 
rence of  urates  to  which  it  is  necessarr  to  advert,  before  con- 
eluding  the  chapter  on  uric  acid.  Ammonia  at  the  temperature 
of  the  body  very  quickly  changes  uric  acid  into  urate  of 
ammonia.  Let  us  apply  this  to  a  uric  acid  stone.  The  urine 
in  calculous  disorders  Tcry  firequently  becomes  alkaline ;  nay, 
if  the  disorder  last  long  enough,  alkaline  decomposition  of 
the  urine  in  the  bladder  is  almost  always  present.  In  evidence 
of  this,  almost  one  half  of  all  calculi  possesses  a  cortical  layer 
of  mixed  phosphates,  the  consequences  exclusiTely  of  alkahne 
urine.  Now  there  can  be  no  doubt,  that  if  a  uric  acid  stone 
liecome  the  cause  of  such  disorders  of  the  urinary  passages 
as  will  induce  alkaline  fermentation  in  the  urine,  the  outer 
layers  of  this  stone  must  be  transformed  into  urate  of  am- 
monia, and  thi.s  lu^te  of  ammonia  (or  soda)  would  undoubtedly 
be  dissolved  and  carried  away,  unless  the  carbonic  acid  present 
diminished  its  solubility,  and  if  the  urine  were  dilute  enough 
to  act  as  a  solvent,  t.  e,,  were  not  itself  too  much  saturated 
with  the  urates.  A  stone  with  a  uric  acid  nucleus,  a  body 
of  urates,  and  a  cortical  portion  of  mixed  phosphates,  is  to  my 
understanding  the  t^pe  of  this  process,  and  sug^:ests  to  me 
the  following  history :  In  the  beginning  there  was  a  renal 
uric  acid  concretion,  which  increased  by  the  acid  fermentation 
in  the  bladder.  Then  the  calculus  caused  disorder  of  the 
bladder,  or  of  the  urine  (as  by  excessiye  treatment  with  alka- 
line remedies),  which  ended  in  the  establishment  of  alkaline 
fermentation  in  the  bladder,  by  which  the  outer  layers  of  the 
uric  acid  concretion  were  first  transformed  into  urate  of 
ammonia,  and  afterwards  encased  in  a  crust  of  mixed 
phosphates. 
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CHAPTER  V. 
CREATINE  AND  CBEATINTNE. 


History. 
The  juice  of  flesh  contains  a  crj'staUizable  substftnce,  which 
was  in  1835  discovered  by  Chevreul'  in  beef-tea  of  the  Dutch 
Company,  and  by  him"  termed  creatine.  Creatine  and  crea- 
tinine (in  the  form  of  chloride  of  zinc  salt)  were  subsequently, 
in  18i4,  found  in  the  urine  contemporaneously  by  Hcintz' 
and  Pettenkofcr,*  but  their  identity  with  the  crystallizable 
substance  of  the  juice  of  flesh  was  not  then  recognised.  In 
18i7  creatine  and  creatinine  were  demonstrated  by  Liebig* 
to  he  constant  in^cdients  of  the  juices  of  the  flesh  of  almost 
all  the  classes  of  vertebrate  animals  and  of  the  urine  of  man. 
Vcrdeil  and  Marcet*  found  creatine  in  the  blood  of  the  ox. 


CREATINE. 

The  composition  of  creatine  is  as  follows : 

8   eqiuvalcnte  of  carbon  ...  48 

36ftt 

3               „             nitrogen    .     .  42 

a^JlWi 

9               „             hydrogen  .     .     9 

6-87 

4               „             oxygen.     .     .  33 

2443 

Atomic  weight  of  dry  creatine     131        10000 
Crystallized  creatine,  therefore,  corresimnds  to  the  formula 
CgHgNjO^  +  2Aq.     1  atom  of  dr\- creatine    .    131         8--92 
2  atoms  of  water  ...       18         1208 

149       10000 
Occtirreyice. 
Creatinine  is  present  in  the  flesh  of  man  and  the  mammalia, 
of  birds,  amphibia,  and  fishes.     The  flesh  of  fowl  yields  the 

I,  p.  eoa  1  Ixx,   |i.  4G0 ;  Uxiii,  p.  096 ; 
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largest  proportioii  (3'2permil]e};  next  die  ox's  hoort  (1*3  per 
mille!;  juid  the  flesh  oi  the  cod-fish  (O^  to  1'7  per  mille). 
The  quantity  of  creatine  obtained  firam  the  flesh  of  man  is 
0*67  per  nulie,  about  the  same  proportion  as  firom  beefl 
Creatine  is  present  in  the  blood  and  urine  of  man  and  all  ani- 
ls hitherto  examined. 


Litbig^s  tmethod  of  obimamg  Crtmiime. 

In  order  to  obtain  creatine  pore,  a  qaantitr,  say 
ten  pounds,  of  flesh  of  a  recently  killed  amnud  is  freed 
of  fat  and  finely  chopped;  fire  pounds  are  then  mixed 
with  an  equal  amount  of  cold  distilled  water,  carefully 
kneaded  through  by  means  of  the  hands,  and  then  pressed 
carefully  in  a  hig  of  coarse  linen.  The  residue  is  now  again 
carefully  mixed  with  another  five  pounds  of  water,  and  again 
subjected  to  pressure.  The  fluid  from  the  first  pressing  is  put 
aside  for  further  treatment  to  be  described ;  the  fluid  firam 
the  second  pressing  serves  towards  the  extraction  of  the 
second  portion  of  the  flesh.  The  first  portion  of  flesh  is  a 
third  time  treated  in  a  similar  way  with  ^\e  pounds  of  water, 
and  the  fluid  obtained  by  pressing  is  used  for  the  second 
extraction  of  the  second  portion  of  flesh;  the  latter  is 
treated  a  third  time  with  pure  water,  and  pressed. 

The  united  fluids  are  filtered  through  a  clean  cloth,  and 
filled  into  a  large  balloon  of  glass ;  the  latter  is  placed  in  a 
kettle  with  water,  which  is  gradually  heated  to  the  boil- 
ing point,  and  kept  at  that  temperature  until  the  extract 
has  lost  its  colour,  and  albumen  and  colouring  matter  have 
separated  in  the  form  of  a  coagulum.  If  a  portion  of  the  fluid 
in  a  test-tube  heated  to  boiling  remains  clear,  this  operation 
is  completed. 

The  fluid  is  now  separated  from  the  coagula  by  filtration 
through  a  cloth,  and  subsequent  pressing.  The  united  fluids 
are  then  filtered  through  paper. 

The  colour  of  the  fluid  so  obtained  is  reddish,  if  extracted 
from  the  flesh  of  the  ox,  doe,  hare,  or  fox  ;  but  the  fluid  firom 
the  flesh  of  the  calf,  fowl,  or  fish,  is  scarcely  coloured.  The 
extracts  from  the  flesh  of  all  animals  are  acid,  firom  the  pre- 
sence of  firee  acid,  which  must  be  removed  before  evaporating 
the  fluid,  as  it  would  cause  a  dark  brown  colour  of  the  con- 
centrated fluid,  and  not  permit  the  crystallization  of  creatine. 
In  order  to  remove  this  acid,  a  concentrated  solution  of 
caustic  baryta  is  added  to  the  extract  as  long  as  a  white 
precipitate  is  thereby  produced.  Neutrality  or  alkalinity 
should  not  deter  the  operator  from  adding  the  baryta  solution 
as  long  as  it  produces  any  turbidity. 
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After  separatiou  from  the  precipitate,  which  contains  all 
the  phosphoric  acid  of  the  juice  of  fleali  in  the  form  of  phos- 
phate of  baryta  and  magnesia,  the  fluid  is  evaporated  iushaUow 
china  dishes  on  the  water-  or  sand-bath,  taking  care  never  to 
allow  it  to  be  heated  to  ebullition  ;  the  upper  part  of  the  dish 
must  never  get  more  liot  than  the  fluid,  as  a  ring  of  dry  sub- 
stance ia  formed  thereby,  which  afterwards,  on  the  addition 
of  new  portions  of  fluid,  dissolves,  and  on  further  concen- 
tration imparts  a  brown  colour  to  the  fluid.  The  extracts 
from  the  flesh  of  fowl  or  fish  remain  colourless  and  clear  to 
the  last.  If  an  excess  of  baryta  have  been  added,  a  pellicle 
of  carbonate  of  baryta  is  formed  on  the  surface.  The  extract 
from  the  flesh  of  the  ox,  calf,  or  horse,  at  certain  stages  of  its 
concentration,  forms  pellicles  of  organic  matter  on  its  snj-facc, 
which  must  be  removed  as  often  as  they  are  formed. 

When  the  extract  has  been  evaporated  to  about  y^th  part 
of  its  volume,  and  has  assumed  a  syrupy  consistence,  it  is  put 
into  a  moderately  warm  place,  and  evaporation  slowly  allowed 
to  go  on ;  very  soon  there  appear  on  its  surface  small,  short, 
colourless  needles,  which  increase  in  numliers  by  standing 
and  cooling  of  the  fluid,  so  that  the  walls  of  the  vessel  gra- 
dually become  covered  by  them.  These  crystals  are  creatine, 
They  are  freed  from  the  mother-liquor  by  flltration,  washed 
with  water,  lastly  with  alcohol,  and  dissolved  in  Ijoiling 
water.  Should  this  solution  be  coloured,  it  is  boiled  with 
a  little  animal  charcoal,  and,  after  flltration,  will  be  as  clear 
as  water.  On  cooling,  it  deposits  creatine  in  perfectly  pure 
crystals. 

According  to  Gregory,'  creatine  is  obtained  cheaply  from 
cod,  which,  when  chopped,  well  mixed  with  little  more  than 
its  own  weight  of  water,  and  pressed  out,  yields  a  fluid  which, 
when  neutralized  {after  the  coagulation  of  albumen)  by 
baryta,  filtered  to  separate  the  phosphate  of  baryta,  and  gently 
evaporated  till,  on  cooling,  it  forms  a  thin  jelly,  deposits,  on 
standing,  creatine  in  large  crystals,  nearly  pure. 

The  heart  of  the  ox  is  another  convenient  material,  rich  in 
creatine.  The  chcajHst  matcnal  from  which  to  obtain  crea- 
tine is  urine.  The  method  of  obtaining  creatine  fi-om  urine 
I  shall  describe  under  creatinine. 


Phytical  prupertivs. 
Creatine  crystallizes  in  the  clinorhombic 
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unequal,  two  at  right  aiigles  to  each  other  in  a  horizontal 
plane,  the  third  asis  inclined  in  a  plane  cutting  either  of  the 
other  two  axes.  The  clinodiagonaj  inclined  to  the  principal 
axis  in  an  angle  of  70°  Sff ;  inclinatioD  of  the  planes  oo  P ; 
CO  P  in  the  orthodiagonal  principal  section  ^  about  133° 
2'.  Specific  gravity  of  the  crystals  ^  135  to  l-3i.'  The 
crystals  are  colourless,  perfectly  transparent,  and  lustrous. 
They  are  connected  with  each  other  in  tufts  and  groups,  and 
then  resemble  acetate  of  lead  (ride  plate  ii,  fig.  5). 

Chemical  proper lie». 

Creatine  is  easily  soluble  in  boiling  water;  a  solution 
saturated  at  that  temperature  becomes  on  coohng  a  mass  of 
fine  lustrous  needles.  From  a  dilute  solution,  however, 
creatine  crystalUzcs  very  slowly  in  rather  large  crystals, 
which  may  attain  a  Icugth  of  from  one  fourth  to  tliree  eighths 
of  an  inch,  and  a  thickueas  of  one  eighth  of  an  inch,  and  will 
further  increase  in  size  if  Icfl  in  the  mother-liquor  for  some 
time. 

1000  parts  of  water  at  64°  !.F(18°C.)  dissolve  1344  creatine, 
or  one  part  of  creatine  dissolves  in  "i^  water. 

In  cold  alcohol  creatine  is  almost  insoluble,  one  part 
requiring  9  HO  parts  of  alcohol  for  solution.  It  is  more 
soluble  in  spirits  of  wine  containing  some  water, 

Ttie  watery  cold  solution  of  creatine,  which  contains  a  very 
small  amount  of  that  substance,  possesses  for  that  reason  a 
weak,  bitterish  taste,  and  causes  a  sensation  of  irritation  in 
the  pharynx.  If  the  solution  contains  a  trace  of  a  foreign 
organic  substance,  it  changes  very  easily,  mouldy  vegetations 
form  in  it,  and  it  assumes  a  disgusting  odour. 

Creatine  even  in  the  largest  quantity  does  not  neutralise 
the  acid  reaction  of  the  weakest  acid ;  it  does  not  possess  a 
basic  character;  it  is  soluble  in  barjta  water  at  a  higher 
tempernturc,  but  crystallizes  out  of  the  cooling  solution 
without  having  undergone  any  change.  The  crystals  so 
obtained  contain  no  baryta,  and  from  the  solution  the  whole 
of  the  baryta  may  be  precipitated  by  carbonic  acid. 

Decompositions. — On  being  boiled  with  baryta  water, creatine 
is  decomposed,  ammonia  being  evolved  on  the  one  hand,  and 
carbonate  of  baryta  in  crystalline  granules  formed  on  the 
other.  This  decomposition  nill  take  place  even  though  the 
air  be  entirely  excluded  from  influencing  the  substance. 

■  lUinlz, '  Poggend-  Ann.,'  Uiiil.  p.  595. 
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lu  aoliitiou  there  remainB  an  organic  base  of  the  com- 
position Call^NOj,  aarcusiiie.  T Lis  formula,  when  deducted 
from  the  cleraenta  of  "creatine,  leaves  a  formula  which  exactly 
corresponds  to  the  composition  uf  urea. 


1  equiv,  creatine   . 
1  equiv.  sarcoaine . 

Remain  urea  . 


It  in,  therefore,  evident  that  ammonia  and  carlwnic  acid 
are  products  of  a  secondary  decomposition  and  derived  from 
the  urea, 

A  solution  of  permanganate  of  potash  in  which  creatine 
ia  dissolved  loses  its  red  colour  only  after  standing  some 
iengtii  of  time  in  a  higher  temperature.  No  gaa  is  evolved 
during  this  process.  The  fluid  after  decoloration  does  not 
any  longer  contain  creatine,  but  yields  white  crystals  on 
evaporation,  and  the  potash  is  in  part  combined  with  carbonic 
acid. 

The  influence  of  strong  mineral  acids  is  very  remark- 
able. A  solution  of  creatine,  to  which  at  the  ordinary 
tempcratiu'e  hydrochloric  acid  has  been  added,  gives  on  spon- 
taneous evaporation  crystals  consisting  of  unchanged  creatine. 
If,  however,  the  solution  is  heated  with  strong  hydrochloric 
acid,  creatine  cannot  be  obtained  any  longer  from  the  solution. 
The  same  effect  is  obtained  hy  either  sulphuric,  phosphoric, 
or  nitric  acid.  If  creatine  is  dissolved  in  one  of  these  acids, 
and  the  solution  is  evaporated  at  a  gentle  heat,  crystals  are 
obtained  which  are  easily  soluble  in  alcohol,  a  property  which 
does  not  belong  to  creatiuc.  These  crystals  contain  a  portion 
of  the  acid  in  chemical  combination;  they  are,  in  fact,  the 
salts  of  the  acid  with  an  organic  base,  creatinine.  This  trans- 
formation of  creatine  into  creatinine  under  the  influence  of 
mineral  acids  consists  essentially  in  the  elimination  from  the 
former  of  four  equivalents  of  water, 


1  equiv.  creatine 
4  equiv.  water 


:=CaH,,N,0.  less 


=      H, 


O, 


1  equiv.  creatinine   :=  Cj,Hy  NjO, 
Pkt/sioloffjf  of  Creatine. 
Creatine  being  present  in  tlie  muscles,  striated  and  organic,' 
'  Gotup-Beunn,  tpc.  eil-  |>.  131, 
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of  all  classes  of  vertebrate  animals,  and  being  absent  frwn  t 
brain,  bver,  and  kidneys  of  the  same  animals,  it  becomes 
hi^blj  probable  that  it  stands  in  a  certain  relation  to  the 
chemical  changes  in  these  organs  in  which  it  is  found.  It 
seems  to  l>e  a  product  of  the  chemical  action  induced  in  the 
muscle  by  the  influence  of  motion.  For  in  wild  and  hunted 
animals,  such  as  foxes  and  game,  the  quantity  of  creatine 
contained  in  the  muscles  is  much  larger  than  in  domesticated 
animals.  This  difference  in  the  amount  of  creatine  produced 
in  the  muscular  tissue  is  very  strikingly  exhibited  in  the  same 
class  of  animals. 

A  fox  which  bad  been  fed  on  meat  for  two  hundred  days, 
at  the  Anatomical  Institution  in  Giessen,  did  nut  yield  one 
tenth  part  of  the  quantity  of  creatine  which  was  obtained 
from  an  equal  weight  of  the  flesh  of  foxes  which  were  caught 
by  hunting. 

The  amount  of  creatine  contained  in  the  muscles  of  an 
animal  stands  in  a  close  relation  to  the  quantity  of  fat 
deposited  in  the  animal,  or  to  the  causes  which  determine  the 
deposition  of  fat.  From  fat  meat  there  are  frequently  obtained 
only  traces  of  creatine,  and  under  all  circumstances  a  much 
smaller  quantity  than  from  lean  meat  with  an  equal  amount 
of  fibrous  matter.  The  above-mentioned  fox,  which  had  been 
fed  on  meat,  vielded  above  one  pound  of  fat  from  the  peritoneal 
folds,  while  in  hunted  or  otherwise  chased  foxes  no  fat  was 
perceptible  to  the  eye.  The  heart  of  the  ox,  a  never-resting 
muscle,  contains  a  large  amount  of  creatine,  and  is  therefore 
frequently  used  for  producing  it  in  quantities. 

Creatine  is  present  in  the  blood,  by  which  it  makes  its  way 
to  the  kidneys.  It  occurs  in  the  urine  as  a  regular  ingredient, 
though  present  in  small  quantities  only.  It  is  partly  trans- 
formed into  creatinine,  most  probably  somewhere  between  the 
muscle  and  the  urinary  residue  out  of  which  the  zinc  salt 
crystallizes.  For,  in  the  muscle,  creatine  has  by  far  the  prepon- 
derance over  crcatijiine  j  in  the  urine,  creatinine  over  creatine. 

Creatine  is,  therefore,  truly  excrementitious ;  its  relation 
to  urea  proves  this  beyond  doubt.  Its  exclusive  occurrence 
in  the  muscles  shows  the  scat  of  it^  formation ;  it  is,  with 
other  matters,  a  product  of  the  chemical  changes  in  the 
muscles. 

Quantity  discharged  in  twenty-four  hourt. 

This  question  seems  of  sufficient  imiiortance ;  but  few  obser- 
vations have  l)ecn  made  on  it.  My  own  experiments,  dctaded 
at  the  end  of  this  chapter,  yield  0-305  grammes  of  creatine 
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dispharfjed  in  tlic  urine  diiriug  twenty -four  hours,  as  tLe  average 
of  twcDtv-six  (lavs  of  two  iiidividuais.  In  disease  the  quantity 
of  creatine,  together  with  that  of  creatinine,  might  acrve  to 
indicate  the  intensity  of  any  spasmodic  or  convnlsive  action. 
Tlie  question  as  to  its  quantity  in  tetanic  and  epileptic  disease 
is  one  of  high  interest,  Cases  of  paralysis  agitans,  in  which 
the  spasmodic  action  ceases  with  sleep,  may  perhaps  afford 
good  opportunities  for  demonstrating  the  influence  of  rest  and 
motion ;  though  the  different  nutrition  in  the  muscle  may, 
perhaps,  varv  the  chemical  changes  in  some  degree. 

These  suggestions  for  future  researches  muat  uot  bo  mis- 
taken for  theories  or  suppositions. 


The  composition  of  creatinine  in 

100  parts 

is  as  followH 

8  equivalents  of  carbon 

7  „             hydrogen 

8  „              nitrogen 
2            „             osygen 

.    48 
.      7 
.    42 
.    16 

4248 
6-19 
3717 
1M6 

Atomic  weight  of  creatinine  .  113       lOO'OO 
The  formula  is  C8H7NSO.,. 

Oceurrence. 

Creatinine  is  foiuid  in  the  muscles  of  the  vertebrate  animals 
in  small  quantities,  and  in  the  urine  of  man  in  larger  quan- 
tities than  in  the  muscles.  It  is  the  product  of  the  natural 
or  artificial  decomposition  of  creatine,  as  already  described. 

Mode  of  obtaining  Creatinine  and  Creatine  front  Urine. 

The  urine  is  neutralized  with  some  milk  of  lime,  and  a  so- 
lution of  chloride  of  calcium  is  then  added,  so  long  as  a 
precipitate  of  phosphate  of  lime  is  produced.  The  fluid  is 
then  filtered  and  evaporated  untU  the  salts  are  deposited.  The 
mother-liquor  is  then  separated  from  the  salts  (without  the 
use  of  alcohol),  and  mised  with  one  twenty-fourth  of  its 
weight  of  a  syrupy  solution  of  neutral  chloride  of  zinc.  After 
the  lapse  of  three  or  four  days,  a  great  part  of  the  chloride 
nf  creatinine  and  zinc,  with  some  creatine,  has  crystallized  in 
yellow,  roundish,  warty  granules.  The  deposit  is  washed 
with  water,  then  dissolved  in  boiling  water,  and  to  this  solu- 
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tiou  hydratcd  oxydc  of  lead  is  added,  until  the  fiuid  ^ves  au 
alkaline  reactioa  to  test-paper.  The  threefold  amouut  of  the 
oxyde  of  lead  used  up  to  tliis  point  is  now  added,  and  the 
fluid  kept  boiling,  until  it  appears  to  coagulate  into  a  light 
yellow  magima.  The  decomposition  is  now  completed.  Zinc, 
hydrochloric  acid,  and  lead  in  the  form  of  the  basic  oxy- 
chloride  are  thus  transformed  into  an  insoluble  condition ;  the 
Bubstanco  combined  with  them  before  the  addition  of  the  lead 
remans  in  solution.  The  latter  is  now  treated  with  some 
animal  charcoal,  which  removes  a  yellow  colouring  matter 
and  a  trace  of  oxyde  of  lead,  and  is  then  evaporated  to  dry- 
ness. There  remains  now  a  white  crystalline  body — a  mixture 
of  two  sulistances,  which  may  easily  be  separated  by  alcohol, 
as  the  one  dissolves  easily  in  lioiUng  alcohol,  in  which  the 
other  is  almost  insoluble.  A  portion  of  the  crystaUine  residue, 
when  heated  with  eight  or  ten  times  its  weight  of  alcohol, 
either  leaves  a  residue,  or  dissolves  completely ;  and  the  boIu* 
tion  deposits  crystals  on  cooling  :  these  crystals  arc  identical 
in  their  properties  with  the  residue,  if  any  was  left.  If  these 
crystals  are  removed  from  the  mother- liquor,  and  the  latter  is 
evaporated,  a  new  crystallization  of  a  different  form  and  dif- 
ferent properties  ia  obtained.  The  body  reraaininp;  as  a  residue, 
or  crystallizing  first,  contains  water  of  crystallization,  aud  is 
without  reaction  upon  vegetable  colours ;  the  other  in  its 
watery  solution  is  strongly  alkaline,  its  crystals  do  not  disin- 
tegrate by  losing  water,  and  the  chemical  analvsis  shows  that 
the  body  which  crystallizes  first  is  creatine,  and  the  other 
creatinine. 


Mode  of  obiainiitff  Creatinine  from  pul  rid  Urine. 

If  putrid  urine,  in  which  the  whole  of  urea  is  transformed 
into  carbonate  of  ammonia,  be  boiled  with  milk  of  lime, 
until  ammonia  is  not  any  longer  evolved,  the  fluid  then  fil- 
tered, evajKtratcd  to  a  syrupy  consistence,  aud  treated  with 
one  twecty-foui'th  part  of  its  weight  of  a  syrupy  solution  of 
neutral  cldoride  of  zinc,  there  will,  in  the  course  of  a  few  days, 
be  deposited  a  consider.ihle  quantity  of  a  yellow  granular 
body,  which  contains  clilorinc  and  zinc,  and,  under  the  mi- 
croscope, cannot  be  distinguished  from  the  zinc  salt  obtained 
from  fresh  urine  in  the  manner  above  described.  When  dia- 
Bolved  in  boiling  water,  and  freed  from  the  chloride  of  zinc 
and  colouring  matter  by  means  of  hydratcd  osydc  of  lead  and 
animal  charcoal,  the  organic  substance,  which  was  combined 
with  the  zinc,  appears  as  pure  creatinine  without  any  admix- 
ture of  creatine. 
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During  putrefaction  of  tlie  urine,  therefore,  creatine  ia  de- 
composed, while  creatinine  undergoes  no  change. 

Creatine  ia  an  accidental  and  variable  admixture  of  the  salt 
of  creatinine  with  chloride  of  Bine.  A  warm— not  boiling — 
solution  of  creatine  is  not  precipitated  by  chloride  of  zinc,  and 
the  crj'stals  deposited  from  it  are  free  from  chlorine  and  zinc, 
and  have  the  characters  of  pure  creatine. 

It  ia  evident  that  when  freah  urine  contains  creatinine  in 
combiuation  with  an  acid,  and  free  creatine,  the  creatinine 
nill  be  aet  free  by  iieutrali7,ation  with  an  alkali ;  and  if  this 
fluid  be  now  concentrated  and  evaporated  to  about  one  twentieth 
of  its  original  volume,  a  combination  of  creatinine  will  l)e 
precipitated  by  the  addition  of  chloride  of  zinc,  the  crystals 
of  which  wiU,  however,  be  mixed  with  crystals  of  creatine,  as 
soon  as  the  latter  is  present  in  a  larger  ([uantity  than  the 
fluid  can  retain  in  solution  at  the  ordinary  temperature  of 
the  air. 

Mode  of  obtaining  Creatinine  from  Creatine, 

If  creatine  he  treated  with  concentrated  hydrochloric  acid, 
the  solutiou  evaporated,  aiid  the  dry  ma.ss  heated  in  the 
water-bath  until  all  free  hydrochloric  acid  has  been  driven 
out,  the  residue  consists  of  pure  chloride  of  creatiuine.  F'rom 
this  salt  the  creatinine  is  obtained  by  boiling  its  solution  in 
water  with  hydrated  oxyde  of  lead. 

Ill  a  similar  manner  creatinine  is  obtained  from  the  sul- 
phate, by  adding  to  the  boiling  watery  solution  carbonate  of 
baryta,  until  the  fluid  shows  an  alkaline  reaction,  and  no  more 
carbonic  acid  is  evolved.  Sulphate  of  baryta  is  precipitated, 
and  pure  creatinine  remains  in  solution. 

Physical  properties. 

Creatinine,  according  to  Kopp,'  crystallizes  in  the  inono- 
clinometrie  {cHnorhombic}  system.  The  crystals  are  formed  by 
the  prism  ac  P,  the  basic  terminal  plane  OP,  and  the  clinodia- 
gonal  terminal  plane  x  P  33.  The  orthodiagonal  ia  shorter  than 
the  cli  nodi  agonal.  The  angle  OP  :  oc  P  x  (the  angle,  namely, 
at  which  the  principal  axis  is  inclined  to  the  elinodiagontd) 
was  found  =  69"  'iM.  The  angle  at  which  the  lateral  plancB 
oe  P  coincide  in  the  orthodiagonal  section  is  =  98°  20' :  and 
accordingly  the  angle  formed  by  00  P  x  with  7:  Pis  =  lao' 
50".  (vide  plate  ii,  fig.  6.) 

'  Liebig,  loc.  di.  |>  11. 


C/iemkal  proper t  ten. 

Creatinine  is  much  more  soluble  iu  cold  water  than  creatine. 
1000  parts  of  water  dissolve  87  parts  of  creatinine,  or  one  part 
diBBohea  iu  llS  parts  of  water  at  60°F.(15°C.)  In  hot  water 
it  is  much  easier  soluble. 

The  watery  solution  restores  the  blue  colour  to  reddened 
litmus  paper.  A  crystal  of  creatinine,  placed  upon  a  piece 
of  wet  turmeric  paper,  produces  a  brown  stain  on  the  spot 
where  it  bes.  In  concentrated  solutions  it  lias  a  caustic  taste, 
like  dilute  liquor  of  ammonia. 

Creatinine  dissolves  in  boiling  alcohol,  and  cirstalUzcs  from 
the  solution  on  cooling.  1000  parts  of  alcohol  at'60°F.  (15°C.) 
dissolve  98  parts  of  creatinine,  102  parts  dissolve  one  part, 

The  chemical  character  of  creatinine  is  quite  that  of 
ammonia. 

A  moderately  concentrated  solution  of  nitrate  of  silver,  to 
which  a  solution  of  creatinine  is  added,  coagulates  imme- 
diately into  a  mass  of  delicate  white  needles,  which  are 
easily  soluble  in  hot  water,  but  crystallize  out  of  it  on 
cooling,  without  ha\'iug  undergone  any  change.  They  con- 
sist of  a  basic  combination  of  creatinine  with  nitrate  of 
silver. 

In  a  solution  of  corrosive  sublimate,  creatinine  produces 
immediately  a  white  curdy  precipitate,  which,  in  the  course 
of  a  few  minutes,  transforms  into  a  heap  of  delicate,  trans- 
parent, colourless  needles. 

In  a  watery  neutral  solution  of  chloride  of  zinc,  creatinine 
produces  immediately  a  crystalline  precipitate,  in  the  form 
of  roundish,  warty  granides,  which,  under  the  microscope, 
are  seen  to  consist  of  delicate  needles  in  zcolithic  arrange- 
ment,   (vide  plate  iii,  fig.  1.) 

Creatinine  expels  ammonia  From  its  salts,  and  forms  blue 
crystallizable  double-salts  with  the  salts  of  osyde  of  copper. 

Chloride  of  platinum  produces  no  precipitate  in  solutions 
of  chloride  of  creatinine.  If  the  mixture  of  the  two  solutions 
is,  however,  evaporated  at  a  gentle  heat,  dark-yellow,  trans- 
parent, rather  large  crystals  arc  formed,  which  are  pretty 
easily  soluble  in  water,  less  soluble  in  alcohol.  This  salt  has 
a  composition  similar  to  the  double-salt  of  chloride  of  platinum 
and  ammonium. 
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CoinliiiiuliiiiiH. 
Chloride  of  crealitiiiw. — On  exposing  crystallized   creatine 
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in  Licbig"*  drying  apparatus,  at  a  tcmjreratnre  of  240°  F, 
(100°  C),  to  a  current  of  dry  hydrochloric  acid  gaa,  the 
weight  of  the  apparatus  increases  at  6rst ;  on  continuing, 
however,  the  high  temperature  and  current  of  hydrocliloric 
acid  gas  for  some  time,  very  nearly  the  original  weight  of  the 
apparatus  is  at  last  obtained.  During  the  experiment  water 
is  constantly  seen  to  leave  the  apparatus,  until  the  weight  of 
the  apparatus  remains  stationary.  If  dried  creatine  be  taken 
for  the  experiment,  the  apparatus  shows  an  increase  in  weight. 
Tlie  body  produced  under  tliese  circumstances  is  neutral 
chloride  of  creatinine. 

In  the  same  manner,  chloride  of  creatinine  is  obtained  by 
dissohHng  creatine  in  concentrated  hydrochloric  acid,  in  a 
china  dish,  evaporating  the  solution,  and  beating  the  residue 
in  the  water-bath  imtil  all  free  hydrochloric  acid  has  dis- 
appeared. 

This  salt  contains  one  equivalent  of  hydrochloric  acid  and 
one  equivalent  of  creatinine.  It  is  easily  soluble  in  boiling 
alcohol,  and  crystallizes  from  this  solution  in  short,  trans- 
parent, colourless  prisms,  which  ai-e  easily  soluble  in  water. 
On  evaporation,  it  is  obtained  in  large  transparent  laminte  of 
an  acid  reaction. 

Chloride  of  creatinine  +  chloride  of  platinum. — A  solution  of 
chloride  of  creatinine,  when  mixed  with  chloride  of  platinum, 
and  gently  evaporated,  yields  rosy  crystals,  prisms  of  the 
double-salt.  On  rapid  forraation,  this  salt  is  obtained  in 
yellowish -red,  transparent  granules.  It  irontains  3095  per 
cent,  of  platinum. 

Sulphate  of  creatinine. — On  adding  to  one  part  of  creatine 
an  equal  weight  of  dilute  sulphuric  acid  (composed  of  27parts 
of  concentrated  sulphiuic  acid  and  73  parts  of  water),  cvaiw- 
rating  to  dryness,  and  heating  until  all  moisture  is  volatilized, 
neutral  sulphate  of  creatinine  is  obtained.  It  may  also  be 
produced  by  adding  to  a  boiling  saturated  solution  of  crea- 
tinine dilute  sulphuric  acid,  until  a  strongly  acid  reaction  is 
perceived,  and  evaporating  to  dryness.  A  white  crystalline 
mass  is  thus  obtained,  easily  soluble  in  hot  alcohol.  On 
cooling,  the  solution  becomes  milky,  and,  on  becoming  clear, 
deposits  transparent,  concentric,  quadratic  plates  of  neutral 
.nUphate  of  creatinine.  They  remain  transparent  and  clear 
at  a  temperature  of  240°  F.  (100°  C.) 

Chloride  qf  zinc  +  creatinine. — On  adding  a  syrupy  solution 
of  neutral  chloride  of  zinc  to  a  concentrated  solution  of  crea- 
tinine, a  white    granular   precipitate    is    immediately  pro- 
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duced,  the  microscopical  appearances  of  which  I  Iiave  already 
described.  This  may  be  filtered  from  the  mothrr- liquid  after 
twenty-four  hoursj  washed  with  cold  water,  in  which  it  isi'ery 
little  soluble.  It  is  much  more  soluble  in  boiling  water,  and 
crystallizcB  from  a  saturated  solution,  on  slow  evaporation  ' 
lai^e  granules,  warts,  and  grouj)e  of  needles.  This  salt, 
miied  with  creatine,  constitutes  the  substance  originally- 
obtained  by  Pcttenkofer,  and  produced  from  tirine  by  the  fii 
method. 

From  this*  salt  and  from  the  chloride  creatinine  may  be 
parated  by  boiling  with  hydrated  oxyde  of  lead,  in  the  manner 
described  for  the  first  method.  FVom  the  sulphate,  creatinine 
may  be  obtained  by  adiling  to  its  Ijoiliug  watery  solution  car- 
bonate of  baryta,  until  effervescence  is  not  any  longer  pro- 
duced, and  the  Huid  has  got  an  alkaline  reaction.  Sulphate 
of  baryta  being  thus  formed,  pure  creatinine  remains  in 
solution. 
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Observations  on  l/w  quantity  of  Creatinine  and  Creatine  dif- 
charged  in  gk-in  times  by  healthy  individuals. 

Observation  1. —  Five  days'  urine  from  A,  28  years  of  age, 
weight  of  body  70  kilogrammes,  was  treated  for  creatinine 
and  creatine  by  Liebig's  process.  The  ziue  salt  was  decom- 
posed by  hydrated  oxyde  of  lead.  The  mixture  of  the  two 
substances  obtained  was  separated  by  alcohol,  tlie  alcoholic 
solution  of  creatinine  was  evniiomted  to  dryness  in  a  water- 
bath.  The  drying  process  was  ei)ni])leted  with  a  chloride-trf- 
ealcium-tubc  and  an  air-pump.  There  was  obtained,  creati- 
nine, 31292  grammes. 

The  ci-eatine  which  constituted  the  residue  from  the  alcoholic 
extraction  was  washed  into  a  silver  capsule  with  boiling 
water,  and  evaporated  to  dryness.  ll«  weight  was  creatine, 
201-75  grammes. 

This  gives  06258  grammes  of  creatinine  per  day, and  0-1O95 
grammes  of  creatine  per  day. 

Observation  2. — Four  days'  urine  from  A,  treated  as  usual, 
the  zinc  salt  decomposed  with  lead,  no  charcoal  used. 

There  were  obtained,  creatinine,  r4532  grammes,  equal  to 
03fi33  grammes  for  twenty-four  hours. 

The  alcoholic  extraction  left  creatine,  J  "2120  grammes, 
equal  to  0'3030  grammes  for  twenty-four  hours. 

Ob»erration  S. — Two  days'  urine  from  B,  aged  28,  weight 
of  body  72  kilofcrammcs.     There  were  obtained  two  portions 
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of  chloride  of  zinc  creatinine,  the  aeronil  portion  not  quite 
pure.  It  was,  therefore,  rccrvstallized,  and,  together  with 
the  first,  dissolved  in  boiling  water.  The  zine  was  then  pre- 
cipitated by  sulphuretted  bj'drogen,  after  a  httle  ammonia 
had  been  added  to  the  solution.  The  mixture  stood  for 
several  days  to  allow  of  perfect  precipitation  of  the  sulphuret 
of  zinc.  But  when  the  filtrate  was  evaporated,  redissolvcd, 
and,  after  a  new  filtratiou,  re-evaporated,  there  was  always 
a^aiii  sufficient  sulphuret  of  zinc  formed  to  constitute  an 
impurity.  During  these  proceedings  it  was  found  that  the 
ammonia  which  had  been  added,  and  which  must  have  formed 
chloridcof  ammonium  with  the  hydrochloric  acid  from  the  zinc 
salt,  was  gradually  driven  nut  by  the  creatinine,  and  the  last 
portions  of  it  disappeared  with  the  alcohol  which  evaporated 
firam  the  creatinine.  The  hydrochloric  acid  was  removed 
with  oxyde  of  lead  and  charcoal,  the  filtrate  evaporated,  the 
mixture  of  the  residue  obtained  was  separated  by  alcohol,  and 
the  quantities  of  substances  obtained  were  as  follows  : 

2  days'  creatinine     .     ,     .     08182  grammes. 

2  days'  creatine  ....     06185        do. 
The  creatine  contained  yet  a  very  slight  amount  of  creati- 
nine;   the    figures    for    creatinine  are,   therefore,   somewhat 
below  the  actual  amoimt,  those  of  creatine  a  little  higher. 

1  day's  creatinine  .     .     0-4091   grammes. 

1  day's  creatine   ....     0-8092        do. 

Ohserviillon  -1.— Five  days'  urine  from  B,  yielded  4*363 
grammes  of  cldoride  of  zinc  creatinine  (and  creatine,  as  an 
admixture) .  MttT  ha^^ng  been  dissolved  in  boiling  water, 
and  made  alkaUne  with  ammouia,  a  current  of  sulphuretted 
hydrogen  was  passed  through  the  solution  for  several  days ; 
the  yellowish- white  sulphuret  of  zinc  was  thereby  precipitated. 
The  filtrate  was  boiled  for  a  length  of  time  to  drive  the 
ammonia  out  of  its  combination,  it  was  then  evaporated,  and 
the  dried  residue  was  treated  with  alcohol.  There  were 
obtained,  chloride  of  creatinine,  2'-W)72  grammes,  which  is 
equal  to  2'93  grammes  chloride  of  zinc  creatinine,  which, 
deducted  from  the  above  4-363  grammes  of  zine  salt,  leaves 
1133  grammes  for  the  creatine  contained  in  the  zinc  salt  as 
an  admix  tnre. 

The  creatine  obtained  weighed  11201  grammes. 
Creatine  calculated  .     .     .     ri33     grammes. 
Creatine  found     ....     M201        do. 


Loss 
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This  loBs^  when  distributed  over  the  different  operations,  and 
in  part  accounted  for  by  the  abstraction  of  colouring  matter 
by  the  lead  and  the  charcoal  used  for  the  purpose,  cannot  be 
called  excessive,  though  it  is  still  considerable.  The  experi- 
ment iUustrates  the  proportions  between  the  creatine  on  the 
one  hand,  and  the  creatinine  zinc  salt  on  the  other,  contained 
in  the  crystallized  substance  obtained  from  the  urine. 

Secreted  in  five  days,  creatinine   1*8322  grammes. 
Do.  do.  creatine       1*1201        do. 

Secreted  in  one  day,     creatinine   0*3664       do. 
Do.  do.  creatine      0*2240       do. 

Observation  5. — Five  days'  urine  from  B,  yielded  6*7663 
grammes  of  crystallized  substance  (chloride  of  zinc  creatine 
and  creatine  mixed),  washed  and  dried.  From  this  the 
amount  of  creatinine  and  creatine  was  ascertained  by  calcu- 
lation, upon  the  basis  of  the  parts  found  in  the  fourth 
observation. 

If  4*3630  grammes  of  crystallized  zinc  salt  yielded  1*8322 
grammes  of  creatinine,  how  much  would  be  obtained  fix)m 
6*7663  grammes  of  zinc  salt  ? 

4*3630  :  1*8322  =  6*7663  :  x 
1*8322    X    G-766S 


4-3630 
of  creatinine  secreted  during  five  days. 


2*8373  grammes 


4-3630  :  1*1201    (creatine)   =  6*7663  :  x 

11201    X    &776S 


4-3630 
of  creatine  secreted  during  five  days. 


=  1*7370  grammes 


Secreted  in  one  day,     creatinine   0*5674  grammes. 
Do.  do.  creatine       0*3474        do. 

Observation  6.— Five  days'  urine  from  A,  yielded  a  quantity 
of  crystallized  zinc  salt,  which  was  washed,  redissolved  in 
boiling  water,  filtered,  evaporated,  and  dried.  When  dry,  it 
was  a  powder-like  mass  of  a  light-yellow  colour,  a  sample  of 
which,  when  burned  on  platinum  foil,  left  pure  oxyde  of  zinc 
on  the  foil.  When  exposed  to  the  air,  it  attracted  very  little 
moisture.      Its   weight,    when    perfectly   dry,    was   4-6324 
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The  amount  of  creatinine  and  creatine  was  calcu- 
lated upon  the  basis  of  otiaerration  4. 


4-3630  :  1-8323  =  4-6324  :  x 
1-8322   X   46324 


=     r9453  grammes 


4-3630 

of  creatinine  contained  in  the  zinc  salt. 

4-3630  i  t-1201   =  4-6324  :  a: 

1-1201    X   4-6324 

jTggaO =     11892  p-ammes 

of  creatine  contained  as  an  admixture  in  the  zinc  salt. 

There  was  a  second  portion  of  crystallized  substance  ob- 
tained from  tlie  mother- liquor.  It  was,  however,  impossible 
to  free  it  from  impurities,  and  it  couldj  therefore,  uot  be 
approached  by  quantitative  analysis.  The  above  values  are, 
therefore,  ouly  expressive  of  a  minimum,  since  there  waa 
certainly  more  creatine  and  creatinine  present  in  the  urine 
than  could  be  obtained  pure. 

The  above  observatious  of  the  quantity  of  creatinine  and 
creatine  discharged  by  healthy  individuals  in  a  given  time, 
have  been  arranged  in  the  following  tables  : 
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CHAPTER    VI. 
COLOUEING    MATTER — UB^MATINE. 


in  treating  of  the  colour  of  iiriue  as  one  of  ita  phyeicf 
chaructera,  we  have  already  made  the  distinction  between  the 
colouring  matter  of  the  urine  proper,  and  those  colouring 
principles  which  are  accidental  admistiurs.  Starting  from 
the  probability,  in  support  of  which  we  must  give  a  few  facts 
hereafter,  that  the  normal  colouring  principle  of  urine  is  de- 
rived from  the  pigment  of  the  blood  or  hsematiae,  we  have 
adopted  the  name  of  ursematine ;  this  denomination  may  be 
considered  as  corresponding  to  Heller's  urophieine,  and  to  a 
series  of  terms  which  were  never  generally  introduced,  and 
which  it  will  therefore  not  be  difficult  to  relinquish. 

The  elementary  composition  of  uneraatinc  is  not  yet  ascer- 
tained, principally  because  no  nubatance  has  as  yet  been 
found  with  which  it  would  combine  in  uiivariable  pro- 
portions. But  there  are  certain  tests  at  present  which 
promise  to  lead  ultimately  to  a  satisfactory  analysis  of  this 
substance. 

The  principal  pAj/ffira/propfr/y  of  nrsmatine  is  ita  colour. 
In  a  pure  and  drj'  state  it  is  dark  red ;  but  when  dissolved 
in  alcohol  and  ether  it  is  of  a  bright  red,  like  port  wine.  To 
the  urine  it  imparts  all  the  varieties  of  colour  with  wliich 
we  are  acquainted ;  its  presence  in  larger  quantities  will 
cause  the  deep  tints,  in  small  quantities  the  light  tints,  of  that 
fluid,  proridedthat  the  presencp  of  abnormal  pigments  ho 
out  of  the  qiiestion. 

Chemical  properties. 

Urwrnatine  combines  with  lime  in  uncertain  proportions, 
and  is  separated  from  this  combination  by  a  mixture  of 
alcohol  and  hydrochloric  acid. 
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It  has  a  greater  affinity  for  ether  than  for  either  alcofa<d4 
or  water. 

It  is  iusoluble  in  nitric,  hydrochloric,  sulphuric,  tartaric,  ■ 
and  oxalic  acids ;  soluble  in  ammonia,  solutions  of  soda  and  1 
of  potash,  and  in  chloroform. 

On  combustion  it  leaves  a  small  residue,  consisting  exclo'l 
sively  of  oxyde  of  iron.  By  this  fact  ita  relation  to  hiematinel 
is  satisfactorily  established. 

It  adheres  with  remarkable  obstinacy  to  tlie  salts  of  thtt  I 
urine,  and  therefore  Berzelius  applied  to  it  the  name  of  n 
balophile. 

The  following  is  Scherer's^  plan  for  isolating  the  ursmatine: 

By  adding  a  solution  of  basic  acetate  of  lea<l  to  urine,  a 
precipitate  is  obtained,  which  consists  of  lead,  several  acids  of 
the  urine,  and  a  certain  amount  of  colouring  matter.  The 
whole  of  the  colouring  matter  cannot,  however,  be  precipi- 
tated by  the  basic  acetate,  a  circumstajice  wluch  leads  to  the 
conclusion,  that  either  the  substance  ursematine  consists  in 
fact  of  two  distinct  bodies,  or  is  decomposed  by  the  influence 
of  the  basic  acetate. 

The  precipitate  of  the  basic  acetate  of  lead,  when  digested  in 
alcohol  acidulated  by  hydrochloric  acid,  yields  lead  to  the 
acid  and  colouring  matter  to  the  alcohol,  which  latter  on 
evaporation  leaves  the  colouring  matter  as  a  blackish  mass. 
T^e  latter  is  freed  from  any  acids  by  carefiil  washing  with 
water,  in  which  it  is  insoluble.  This  insolubility  shows  that 
the  substance  must  have  undergone  a  change  during  the 
aeveral  operations  for  obtaining  it  in  an  isolated  state. 

Another  smaller  quantity  of  colouring  matter  is  precipitated 
by  neutral  acetate  of  lead. 

These  precipitates,  Ixjth  with  basic  and  neutral  acetate  of 
lead,  contain  from  fi25  to  883  jier  cent,  of  nitrogen,  from 
56  to  66  per  cent,  of  carlwn,  and  from  i-lO  to  745  per  cent, 
of  hydrogen. 

These  experiments  of  Scherer  have  been  continued  under 
his  superintendence  by  Dr.  G.  Harley,"  who  found  that  the 
precipitate  of  colouring  matter  with  the  basic  acetate  of  lead 
could  be  separated  into  three  or  four  constituents.  But  none 
of  these  matters  have  been  obtained  either  cr^'stallized,  or  in 
a  certain  combination  with  other  known  substances.  They 
may  therefore  be  the  products  of  decomposition,  and  have  at 
present  no  claim  to  be  considered  either  as  normal  ingredients 
of  the  urine  or  as  defined  chemical  entities. 


'  ■  Med.  Gutttt.'  184,%,  pp.  363,  410. 

'  '  Verliindl.  dei  Wiittburger  Physic.  Verrins,"  B»nii  v,  185*. 


Dr.  Harley'a  method  of  obtaining  iiraematine  is  a&  fol- 
lows :  A  large  quantity  of  urine  is  evaporated  to  the  con- 
sistence of  molnsses,  the  salts  being  removed  from  the  fluid 
whenever  crystallized.  The  residue  is  then  extracted  by 
alcohol.  The  latter  is  brought  to  a  boiling  heat,  when  milk 
of  lime  is  added  until  ail  the  colour  has  disappeared.  The 
mixture  is  now  filtered,  when  the  combination  of  uricnia- 
tine  with  lime  remains  on  the  filter,  and  is  washed  out  by 
means  of  ether  and  water.  This  compound,  after  hating  been 
dried,  is  digested  in  alcohol  acidulat^  by  hydrochloric  acid ; 
the  alcoholic  solution  is  filtered  off,  mixed  with  its  volume  of 
ether,  and  put  aside  for  several  days,  during  which  time  it 
must,  however,  be  frequently  shaken,  in  order  to  make  the 
alcohol  yield  as  much  ureematine  to  the  ether  as  possible. 
The  ether  and  alcohol  are  then  separated  by  the  addition  of 
water.  The  etherial  solution,  which  has  a  fine  colour  of  red 
wine,  must  now  be  washed  with  water,  in  order  to  free  it  from 
the  traces  of  aeid,  salts,  and  resinous  substances  that  may 
be  dissolved  in  it.  This  washing  must  not  be  continued 
too  long,  because  a  little  unematine  is  precipitated  with 
every  fresh  quantity  of  water.  The  substance  so  obtained 
shows  the  properties  almve  described. 

It  is  quite  evident  that  such  a  method  of  analysis  is  not 
available  for  clinical  purposes,  or  for  quantitative  re- 
searches. And  as  we  have  no  other  direct  chemical  analysis 
for  unematine  which  woidd  at  all  eomc  up  to  the  raonem 
requirements  of  chemistry,  the  indications  of  this  ingredient 
of  the  urine  arc  not  easily  to  be  determined. 

Happily,  however,  we  possess  a  method,  for  wliich  we 
are  indebted  to  Professor  Vogel,'  which  enables  us  to 
estimate  the  quantity  of  urasmatine  present  in  any  urine 
with  a  tolerable  degree  of  accuracy,  and  permits  us  to  draw 
valuable  conclusions  regarding  the  diagnosis  and  prognosis  of 
disease,  and  its  therapeutical  indications. 

It  has  been  ascertained  that  a  deeply  coloured  urine,  when 
diluted  wth  various  quantities  of  water,  will  produce  all  the 
lighter  tijita  of  more  frequent  occurrence.  From  this  it  was 
reasonable  to  conclude  that  the  various  tints  are  only  dilu- 
tions of  one  and  the  same  description  of  colouring  principle. 
Taking  certain  colours  as  starting  points,  a  scale  of  tints  was 
produced  by  mixing  urine  of  the  former  colour  with  its  equal 
volume  of  water.  By  this  a  tint  was  produced  which  was  the 
next  fixed  point  in  the  scale,  and  so  on.  These  colours  had 
to  be  expressed  in  material  substances,  for  the  purpose  of 

■  '  ArchJT  det  Vcrr.lni  fur  gcmeioKhaftliche  Arbeiten,'  Bd.  I,  p.  137,  1853. 
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procuring  a  standard  whtcli  everybody  miglit  aacertuii.  The 
scale  and  its  material  representatives  were  theretbrc  ar- 
ranged as  follows,  and  as  ia  represented  in  the  table  affixed 
to  the  volume : 


I.  First  Gboup,     YtUowink  Uriven. 

The  colour  is  yellow  ({tamboge),  mixed  with  a  greater  or 
lesser  amount  of  water.  Starting  with  the  perfectly  colour- 
less urine,  this  group  has  three  gradations  or  nuances : 

1.  Pale  yellow  (gamlx)gc  with  much  water). 

2.  Light  yellow  (gambofre  with  less  water). 

3.  Yellow  (gamboge  with  very  little  water). 


II.  Se. 


I  Grocp.     Reddish  Urineg. 


"With  the  yellow  there  is  mixed  a  greater  or  leaser  amonnt 
of  red  (gamboge  with  crimson  lake).  These  urines  are 
generally  termed  "  higlily  coloured."  There  are  again  three 
varieties  of  this  group : 

4.  Reddish-yellow,  An  admixture  of  some  red  to  the 
prevailing  yellow  (gamboge  with  a  little  critnsou  lake) . 

5.  Yellowish-red.  The  red  colour  becomes  more  promi- 
nent in  the  yellow  body  of  the  fluid  (gamboge  with  more 
crimson  lake). 

6.  Red.  The  red  colour  is  prevalent,  but  there  is  still  a 
alight  admixture  of  yellow  (cnmson  lake  with  little  gamboge) . 

111.  Thibd  Grocp.     Brown  {dark)  Urines, 

The  red  colour  passes  through  brown  to  almost  black  tints 
(gamljoge,  crimson  lake,  and  more  or  less  Prussian  blue) . 

7.  Brownish-red.  Red  with  an  admixture  of  a  little 
Ijrown. 

8.  Reddish-brown.  There  is  more  of  the  brown  colour 
than  in  the  last. 

9.  Brownish-black.  Almost  black,  but  with  a  touch  of 
tbe  reddish- brown. 


Though  a  delicate  eye  may  yet  distinguish  several  varieties 
of  intermediate  colours,  yet  the  nine  tints  just  described  are 
aU  that  are  useful  to  be  distinguished  at  the  bedside. 

We  now  come  to  the  determination  of  the  unit  in  the  cor- 
responding varieties  of  lu'iue.  As  the  absolute  quantity  of 
unematine  is  not  known  which  is  required  in  a  given  bulk 
of  urine  to  produce  a  certain  colour,  our  unit  must  be  s 
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ptiloBopliical  one ;  that  ia,  it  niuat  be  comparatively  correct 
to  coincide  with  the  scale  in  such  a  manner,  that  every  urine 
of  any  given  colour  of  the  scale,  by  dilution  with  its  equal 
amount  of  water,  may  produce  the  next  following  dilution, 
and  that  the  darkest  urine,  on  being  diluted  the  necesaary 
number  of  times,  will  produce  all  the  colours  of  the  scale  in 
succession ;  in  other  words,  that  the  gradations  of  the  unit 
are  simple  multi plications  by  two. 

The  unit,  then,  is  the  amount  of  ursematine,  or  colouring 
matter,  contained  in  1000  c.c.  of  the  first  variety,  or  pale- 
yellowish  urine.  This  amount,  no  matter  to  how  much  it  may 
amount  in  real  weight,  is  put  down  as  ^  1 .  1 000  c.c.  of  yellow 
urine  (III)  therefore  contain  four  times  as  much  unematine 
as  1000  c.c.  of  the  first  variety ;  and  1000  c.c.  of  yellow  urine 
will  require  three  times  their  own  bulk  of  water  for  becoming 
of  the  pale-yellow  colour  of  variety  1.  The  following  table  is 
intended  to  represent  these  relations  more  perspicuously  : 


I. 

II. 

III. 

IV. 

V. 
Ifi 

VI. 

VII 

VIII. 

IX. 

P»te  yellow      —  I. 

1 

2 

* 

R 

3K 

M 

1?B 

?ft6 

1 

■i 

4 

16 

n 

01 

l^N 

Lielil  yellow     =11. 

1 

2 

H 

;i2 

til 

lellow             -III. 

1 

4 
2 

16 

B 

2 

1 

32 
16 

8 

2 
I 

K<diiiih-ye11ow  =  lV. 

■¥cllowi.h.red    =  V. 
Red                    s  VI. 
Drowmih-red    =  VTL 
Eeddi.h.l.rown  =  VIII. 

This  table  shows  how  much  uriematine  is  contained  in 
equal  parts  of  urine  of  different  colours.  To  illustrate  it  with 
another  example;  if  a  certain  volume  of  pale-yellow  m-ine 
contains  1  part  of  unematiiie,  the  same  volume  of  reddish- 
yellow  urine  contains  8  parts,  and  the  same  volume  of 
reddish-brown  urine  128  parts  of  unematiue.  One  volume 
of  yellow  urine,  on  the  other  hand,  contains  just  as  much 
colouring  matter  a«  4  volumes  of  pale  yellow ;  1  volume  of 
red  urine  the  same  quantity  as  4  volumes  of  reddish-yellow 
mine.  If,  therefore,  an  individual  disehai^e  1000  c.c.  uriue 
of  yellow  colour  in  twenty-four  hours,  and  another,  during 
the  same  period  of  time,  4000  c.c,  of  pale-yellow  urine,  both 
discharge  equal  quantities  of  unematiue  during  the  same  time. 
And  if  an  individual  discharge  any  number  of  c.c.  of  urine 
of  a  certain  colour  during  a  given  time,  the  amount  of  eoloiu:- 
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ing  matter  thereby  discharged  is  ascertained  by  Bimple 
equation.  For  example,  in  twenty-foiu'  hours  there  were 
discharged  1800  c.c,  of  urine  of  yellow  colour;  1000  c.c. 
contain  4  parts,  how  much  do  1800  contain  ? 

1000  :  4  =  1800  :  x 

X  ^  7'2  =  the  amount  of  une* 
matinc  contained  in  1800  c.c.  of  yellow  urine. 

In  order  to  obtain  uniform  resulta  by  this  method,  it  is 
eesential  that  the  urine  be  absolutely  clear.  It  has,  there- 
fore, to  be  filtered  in  most  instances.  Its  colour  must  be 
ascertained  by  transmitted  lipht,  and  for  this  purpose  the 
body  of  urine  shoidd  be  of  a  diameter  of  not  less  than  four  or 
five  iuches. 

Several  objections  have  been  raised  against  this  method, 
which  have  been  answered  satisfactorily  by  its  originator.  It 
ia  quite  clear  that  in  eases  where  the  colour  of  the  urine 
depends  on  any  other  substance  than  ursematiue,  it  would  give 
erroneous  results.  But  these  cases  can.  in  the  first  instance, 
easily  be  detected  by  the  tests  given  when  treating  of  the 
colour  of  urine ;  and,  in  the  second  instance,  they  are  of  rare 
occurrence  as  compared  with  the  great  number  of  instances 
is  which  the  urine  is  coloured  by  the  ordinary  unematine 
only. 

In  some  rare  cases  the  urine  on  dilution  will  not  yield  the 
colours  which  woidd  correspond  to  the  scale.  In  these  cases 
it  may  be  doubtful  whether  a  red  urine  contains  32  times,  or  a 
brownish-red  urine  64  times  the  amount  of  uriematine  con- 
tained in  the  same  quantity  of  palc-yellow  urine.  It  may 
well  be  admitted  that  modifications  of  the  unematine  occor, 
which  have  a  diflerent  colouring  power  from  that  of  the 
ordinary  substunce.  Admitting;  all  this,  we  may  still  coincide 
with  Vogel  in  the  opinion  that,  for  approximative  determina- 
tions of  the  quantity  of  urajmatinc  discharged  in  a  given 
time,  the  method  is  useful.  An  error  is  not  so  dangerous,  if 
we  know  the  extent  to  which  it  can  be  committed,  and  the 
sources  from  which  it  may  arise.  Of  the  sources  we  have 
epoken ;  wc  can  say  less  of  the  extent,  as  we  do  not  know  to 
what  quantity  of  unematine  a  certain  colour  corresponds. 
The  highest  amount  of  error  to  which,  in  the  opinion  of 
Vogel,  his  method  might  be  liable,  is  one  third  or  one  fourth 
of  the  figures  found.  Fluctuations,  therefore,  withiu  these 
limits  might  be  left  out  of  the  question ;  but  when  they 
■urmount  certain  boundaries,  they  may  with  safety  be  used 
for  the  comparison  of  the  quantity  of  ur^matiue  contained 
in  two  different  descriptions  of  urine,     Tims,  if  the  quantity 
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of  unematine  whicli  is  discharged  in  the  urine  by  a  liealthy 
individual  in  twenty -four  hours  amounts  to  4,  and  wc  find  that 
in  tlie  urine  of  a  patient,  for  twenty-four  hours,  it  amounts 
to  16  or  20,  there  can  be  no  doubt  tliat  the  quantity  of 
urtematine  discharged  by  the  latter  is  double  or  three  times 
the  amount  of  that  discharged  in  the  same  time  by  the 
healthy  individual.  If,  on  the  other  band,  we  find  in  tlie 
urine  of  a  patient  the  amount  of  lu^matine  to  be  1  for 
twenty-four  hours,  its  quantity  is  clearly  diminished.  If, 
however,  we  find  35,  or  1'5,  as  the  amount  of  unematine  in 
the  urine  of  a  sick  person,  wc  could  not  say  with  certainty 
whether  the  amount  of  unematine  was  diminislied  or  in- 
creased in  this  case. 


Physiology  of  Unemaline. 

It  is  very  probable  that  a  number  of  blood-corpuscles  are 
constantly  undergoing  the  process  of  disintegration  in  the 
blood,  and  that  the  fasematinc  which  is  thus  set  free,  however 
changed  from  its  original  character,  finds  its  way  out  of  the 
body  in  the  form  of  colouring  matter  of  bile  {choltenjatine) 
and  ursematine.  We  know  the  indestructible  nature  of  liasma- 
tine,  how  obstinately  it  retains  its  colour  under  the  most  varied 
circumstances,  whether  in  extravasations  within  the  body,  or 
during  artificial  or  natural  processes  of  decomposition  out  of 
the  body.  We  know,  moreover,  that  the  changes  of  colour 
which  htematine  undergoes  under  certain  circumstances  in 
the  body — for  example,  when  effused  into  a  bniise  under  the 
skin  or  epidermis — correspond  with  the  destructive  changes  in 
the  blood ;  so  that  hcematine  thus  effused  will  go  through  all 
the  stages  of  colour  from  red  to  green,  yellow,  and  pale  yellow — 
the  colours  which  arc  found  in  the  cholaematine  and  unematine. 
From  this  property  of  retaining  its  colour  under  the  most  varied 
circumstances,  it  is  highly  improbable  that  hsematine,  after 
having  served  the  economy,  sliould  leave  the  body  as  a  colour- 
less substance.  And  if  it,  therefore,  is  probable  that  effete 
hcematine  is  discharged  as  a  coloured  substance,  the  only 
excreta  which  are  coloured,  namely,  f^ces  and  urine,  most 
probably  owe  their  colour  to  effete  hsematiue.  If  we,  more- 
over, take  into  consideration  that  the  purest  unematine 
always  contains  some  iron  in  chemical  combination,  it  can 
scarcely  be  doubted  that  it  is  the  offspring  of  the  colouring 
matter  of  the  blood-corpuscles. 

The  f/iianlity  of  urtematine  which,  according  to  Vogel,  is 
discharged  by  an  adult  healthy  person  in  twenty-four  hours, 
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amounts  to  &om  3  to  6  of  the  above  units,  and,  on  an 
average,  to  about  4-8,  whicbj  calculated  upon  the  hour, 
gives  02. 


Quantity  of  Uramatine  in  Disease. — Pathological  Indications. 

According  to  the  observations  of  Professor  Vogel,  which 
may  be  verified  by  daily  observation  at  the  bedside,  the  amount 
of  ureematine  dischai^ed  during  acute  febrile  diseases  is  con- 
siderably increased,  and,  notwithstauding  a  considerable 
decrease  in  the  total  quantity  of  urine,  amounts  to  16,  20,  and 
more.  This  amount  becomes  even  much  higher  in  typhoid 
and  septical  fevers,  which  arc  combined  with  dissolution  of  the 
blood.  In  accordance  with  this  we  obBer\*e,  that  in  the  course 
of  all  these  diseases  the  amount  of  blood -corpuscles  in  the 
blood  becomes  so  considerably  diminished  as  to  cause  an 
auEemie,  or  better  oligocythiemic,  condition.  In  a  number  of 
pneumonic  patients  the  daily  amount  of  uraematine  fluctuated 
during  the  acme  of  the  disease  between  16  and  21'.  During 
the  acme  of  a  case  of  acute  rheumatism  it  was  30  to  32.  In 
a  case  of  typhus  in  a  man  it  was  for  some  days  80  to  100. 
In  a  case  of  lead  colic  I  found  it  6A  for  three  days.  In  a 
case  of  scarlatinous  nepliritis  I  found  it  on  two  occasions 
25fi  for  twenty-four  hours. 

In  cases  where  the  disintegration  of  the  blood -corpuscles 
is  diminished,  as  in  chlorosis  and  anosmia,  in  hysterical  and 
nervous  diseases,  and  in  the  convalescence  from  severe 
diseases,  the  quantity  of  unematine  discharged  during  a  g^ven 
time  is  generally  diminished.  In  these  cases  the  couditiun 
of  the  urine  affords  valuable  therapeutic  indications,  as  point- 
ing to  the  exhibition  of  tonics,  in  particular  iron. 

lu  chlorotic  patients  the  daily  quantity  of  unematinc  is 
frequently  below  Ij  in  the  convalescence  from  severe  diseases 
it  is  frequently,  for  some  length  of  time,  not  above  1  or  2 
(Vogel).  In  a  case  of  ovarian  timiour  I  found  it  below  I 
{vide  p.  75).  This  urine  resembles  that  of  yoimg  chUdren 
who  are  growing  fast,  but  has  of  course  a  difi'erent  signifi- 


Composition. 
Symbol:  H. 
Compositiou  in  100  parts 


Carbon . 
Hydrogen 
Nitrogen 
Oxygen. 
Water  . 


4-469 
7-821 
22-347 


Prom  this  composition   the   following   fonnula  is   derived  t 
CiaHgNOj  +  HO,  or  CigHaNGs. 


History  and  Literature. 

Rouelle  (1784),  Fourcroy  and  VauqiteUn  (1799)  '  Joum.  d. 
Pliarm.,'  von  S.  B,  Trommsdorff,  v,  p.  197 ;  \ii,  p.  199, 
found  it  in  the  lu-ine  of  graminivorous  animals,  but  mistook 
it  for  Ijenzoic  acid, 

Schee/e,  fhurcroy,  and  Reynard  demonstrated  its  existence 
in  the  urine  of  young  infants. 

Prousl,  'Ann.  de  Cliim.  et  de  Phys.,'  xiv,  260  (1820), 
found  it  as  benzoic  acid  in  the  distillate  from  putrid  urine. 

Liebiff,  'Poggend.  Ann.,'  svii,  p.  389  (1830),  demonstrated 
hippuric  acid  to  be  a  peculiar  substance,  distinct  from  benzoic 
acid,  with  which  it  had  been  confounded. 

Ure,  'Med.-Chir.  Transact.,'  vol.  xxiv,  and  Keller,  'Ann. 
d.  Chem.  und  Pharm.,'  sliii,  p.  198,  proved  that  benzoic  acid 
is  transformed  in  the  body  into  hippimc  acid. 

Lwbig,  'Ann.  d.  Chem.  und  Pharm.,'  1,  p.  101,  proved  its 
existence  as  a  normal  ingredient  in  the  urine  of  man. 

Dessaignea,  'Compt.  rend.,'  xxi,  p.  1224,  found  that  gly- 
cocoll  combines  with  benzoic  acid  to  form  Mppuric  acid. 

In  the  course  of  liis  researches  on  putrefied  urine,  Proust 
made  the  observation  that  during  tlie  distillation  of  such 
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urine,  to  which  Home  sulphuric  or  hydrochloric  acid  had  been 
added,  acetic  acid  and  benzoic  acid  were  evolved,  the  latter  of 
which  was  depoaited  in  crystals  in  the  neck  of  the  retort. 
Licbig,  in  repeating  these  experiments,  found  that  after 
neutralization  of  the  acetic  acid  so  obtained  by  the  addition 
of  oxyde  of  lead,  there  waa  formed  in  the  fluid  a  considerable 
amount  of  a  white  precipitate,  which  consisted  of  pure 
benzoate  of  lead.  The  presence  of  benzoic  acid  in  putrefied 
urine  could,  moreover,  be  proved  by  concentrating  the  urine, 
adding  some  sulphuric  acid,  and  letting  it  9tand  for  several 
days,  after  the  lapse  of  which  benzoic  acid  was  found  to  have 
formed  in  brown  glistening  scales.  No  urine  which  was 
subjected  to  this  test  by  Liebig  during  a  period  of  three 
months  was  foiuid  to  be  void  of  this  aeid. 

There  could  be  no  doubt  that  benzoic  aeid  was  not  con- 
tained as  such  in  tlie  ircsh  urine,  inasmuch  as  it  had  been 
proved  to  certainty  by  the  experiments  of  lire  and  Keller, 
that  crystaUizcd  benzoic  acid  is  transformed  in  the  body  into 
hippunc  acid,  and  appears  in  the  urine  as  liippurate  of  soda. 
As  it  was  furthermore  known  that  the  bippuric  acid  iu  the 
urine  of  graminivorous  animals  ia  decomposed  during  the 
putrefaction  of  tliis  urine,  and  that  benzoic  acid  is  one  of  the 
products  of  that  decomposition,  it  was  to  be  supposed  with 
certainty  that  the  benzoic  acid  discovered  in  the  putrefied 
urine  of  man  had  the  same  origin,  and  in  the  &esh  urine  was 
present  in  the  form  of  bippuric  acid.  On  a  closer  examination, 
Liebig  found  this  to  be  the  fact.  All  urine  of  individuals 
taking  mixed  food  was  found  to  contain  bippuric  acid  in  about 
equal  proportions  with  uric  acid. 


Occurrence  and  Methods  of  obtaining  it  pure. 

Hippuric  acid  is  a  regular  ingredient  of  the  urine  of  man' 
and  the  graminivorous  animals — the  horse,  (from  which  it 
derives  its  name)  homed  cattle,  camels,^  and  elephants.  It 
is  found  in  guano,'  as  liippurate  of  ammonia,  aud  lias  been 
observed  in  the  excreta  of  a  tortoise  {Te»ludo  Graca),  aud  in 
the  excreta  of  the  larvie  of  butterflies,  and  of  butterflies  them- 
selves.* It  has  been  found  in  the  blood  of  calves  and  oxen 
by  Verdeil  and  DoUfus,^     It  is  absent  from  the  urine  of 

■  Liebig,  'Ana.  d,  Pliarm..'  uxvii,  p.  82. 
*  SehwMi,  ibid.,  liv,  p.  31. 
>  Mirchud, '  N.  Joum.  d.  Phorm.,'  vil,  p.  134. 
'  T.  Oiry, '  Edinb.  Xew  Pfailoi.  Joarn.,'  ilv,  p.  17. 

'  ■  Ann.  h.  Chem.  und  Pharni.,"  Ixiiv,  p.  2\i  \  tlio  Lehmsnn's '  Pbyiiolog.  Che- 
itiiilry.'  Cavcnd,  Soc.  Edit.,  vol.  ii.  p.  212. 
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animals  esclusively  carnivorous.  It  may,  however,  be  made 
to  appear  in  their  urine  by  giving  them,  with  their  food,  hip- 
puric  acid,  or  any  suhstanee  capable  of  forming  it.  When 
Schwarz^  bad  given  to  a  dog  some  hippuric  aeid,  it  made  ita 
reappearance  in  the  urine.  Buchheim*  found  that  when  free 
hippuric  acid,  hippurate  of  soda,  or  acid  hippnrate  of  am- 
monia were  taken,  a  quantity  of  hippuric  acid  was  obtained 
from  the  urine,  which  was  so  large  that  scarcely  any  acid 
could  have  been  lost  in  its  passage  through  the  organism. 

The  amount  of  hippuric  acid  in  the  urine  may  be  con- 
siderably increased  by  the  ingestion  with  the  food  of  benzoic 
or  ciunamic  acids,  or  essential  oil  of  bitter  almonds.  Any 
amount  up  to  10  grammes  of  benzoic  acid,  whether  taken  as 
such,  or  in  combination  with  bases,  soda,  ammonia,  magnesia, 
iron,  will  in  the  course  of  a  few  hours  or  over  night,  appear 
in  the  urine  as  hippuric  aeid.  The  hippuric  aeid  in  each 
case  corresponds  in  quantity  to  that  of  the  benzoic  aeid  taken 
(Buchheim).  Dr.  Garrod*  obtained,  however,  only  15  to  29 
grains  of  hippuric  acid,  after  having  taken  from  20  to  30 
p^ins  of  benzoic  acid.  Marchand''  obtained  39'3  grains  of 
hippuric  acid  from  the  urine  after  haring  taken  300  grains 
of  benzoic  acid,  The  consumption  of  a  large  amount  of 
fruit,  such  as  apples  (Pettenkofer)  or  pliuns  (Prune  Claude, 
Prunua  domestica  chlorocarpa,  Duchek),  will  cause  a  con- 
siderable quantity  of  hippuric  acid  to  appear  in  the  urine, 
Duchek^  examined  the  greengage,  and  found  benzoic  acid  in 
it,  but  not  in  sufficient  quantity  to  account  for  the  whole  of 
the  hippuric  aeid  found  in  the  urine  after  the  use  of  a  certain 
quantity  of  that  fruit.  He  accordingly  is  of  opinion  that  the 
greengage  might  contain  some  other  compound  of  benzoyle 
capable  of  being  transformed  into  hippuric  acid.  Duchek 
did  not  find  hippiunc  acid  to  be  a  constant  constituent  of 
human  urine.     Hocflc'  could  never  find  it  in  his  urine. 

Pathologically  an  increased  amount  of  hippuric  acid  is  met 
with  in  the  acid  urine  of  fever-patients  (Lehmann),  in  the 
urine  of  diabetic  patients  (Lehmann's^  and  Hiincfeld's*  ob- 
servations both  confirmed  by  Duchek).  In  one  instance 
hippuric  acid  was  observed  in   the   scales   from   ichthyosis 

>  Loc.  dt.,  p.  3!. 

>  -Archil  fiir  Phyiiol.  Htilk.,'  1857.  vol.  i.  p.  122. 

■  '  Philoi.  Magii ,'  w,  p.  SOI. 

'  '  Joum.  of  Pnict.  Cliem..'  luv,  p.  300. 

'  ■  I'nger  Virrleljilinchrift,'  1S&4,  vol.  ill,  p.  2S.     Sec  il>o  Ibe  '  Lxncel,'  July 
36.  1836.  p.  HI. 
*  >  Chcmic  unit  Micioicop  im  Kninkrnbette.' 
'  ■Joum.  d.  Pnet.  Chem.,'  *i,  p.  112. 

■  WtA..  Till,  p  &a>. 
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a  mi  k-wliitf.  cryntiillino  mntw.  By  drv  diHtiUation  it  ywUt 
u  ml  oil,  wliip],  im^  till:  odour  of  the  Tonka  bean  ("the  pride 
nml  ll.iw.r  of  tla-  miiitf-liox"),  ammonia,  and  benzoic  acid 
o,  |iorliii|M.,  ill  jijirt  ae  bcnzoatc  of  ammonia) 
luliic  (if  cIkitcoiJ.  SometimeB  the  acid  before 
■  n  rvikiiiiKcn  compound,  having  the  odour  of 
'ill      ir  llui  tcm|HTaturc  during  dry  distillation 

IH^i'l',  (!ir,U"C.},  benzoic  acid  U  obtained, 

'I  ■!.  u  Iraeu  of  hydrocyanic  acid,  and  benso- 
I'  '1  III  th«  receiver. 

ml  IK  Mohdde  in  warm  nitric  acid,  and  hot 
acid,  imd  from  botli  solutlona  crystaUizes  on 
when  boiled  for  some  time  in  tither  of  these 
Bolutiuna  it  umlergoeH  a  dccampoBition,  by  which  benzoic 
acid  crystallizea  out  of  the  solution  on  cooling.  Combined 
with  the  nitric  acid  there  remains  glycine,  or  glycocoU,  or 
sugar  of  gelatine.  This  decomposition  may  also  be  produced 
by  sulphuric  and  oxalic  acids,  and  by  Imiliiig  with  caustic 
soda  or  potash.  From  this  mode  of  decomposition  De»- 
saignes  concluded  that  hippuric  acid  was  a  combination  of 
benzoic  acid  and  glycine,  and  that  by  the  artificial  combine 
tion  of  these  two  bodies  hippuric  acid  might  be  produced. 
He  succeeded  in  producing  hippuric  acid  by  exposing  a 
combination  of  glycine  with  oxyde  of  zinc  to  the  iuHucnce  of 
cldorine-benzoylc. 

Under  the  influence  of  a  ferment,  in  the  presence  of  an 
alkali,  hippuric  acid  midergoes  the  same  decomposition  into 
benzoic  acid  and  glycocoU.'  The  disintegration  of  hippuric 
acid  in  putrefying  urine  is  thus  satisfactorily  esplained. 

Hippuric  acid  is  the  amide  of  a  new  acid,  lunzoglycolic 
acid,^  which  is  free  from  nitrogen,  and  has  the  composition 
C,(,HyO^.  It  is  formed  when  hippuric  acid  is  acted  on  by 
hyponitrous  acid,  and  is  obtained  by  conducting  a  current  of 
oxyde  of  nitrogen  through  a  solution  of  liippuric  acid  in  nitric 
acid. 

C„H,NOa  +  NO,  =  CJlp„  +  2N  +  HO. 

Hippuric  acid.  Beiuoglycolie  acid. 

Benzoglycolic  acid  crystallizes  from  the  solution  in  colour- 
less prisms,  which  are  easily  soluble  in  alcohol  and  ether,  but 
sparingly  soluble  in  water.  It  forms  neutral  salts  with  one 
equiv^ent  of  base,  which  are  mostly  crystallizable.  The  lime- 
salt,  CaO,  CibH/Oj,  crystallizes  in  coloiu-less  needles,  and  has 
a  tendency  to  form  ovcrsaturated  solutions. 

203. 
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When  lienzoglyeolic  acid  is  ti-eated  with  dilute  acids  it  is 
decomposed  to  benzoic  aad  glycolic  acid  after  the  fonuula 

Beuzoglycolli:  adJ.  Bcnioic  icid.  (iljcutic  acid. 

This  deeompositiou  explains  why  hippiiric  aeid,  although  it 
be  the  amide  of  bcnzf^lycoUc  aeid,  does  not  yield  that  aeid 
and  ammonia  when  boiled  with  acids,  but  benzoic  acid  and 
glycocoll.  The  benzoglycolic  acid  is  at  first  formed  along 
with  ammonia,  but  is  immediately  decompoeed  into  benzoic 
and  glycohc  aeid,  and  the  latter,  with  the  ammonia,  forms 
its  amide,  glycocoll,  and  water. 

Flippuric  acid,  when  treated  with  o^ydizing  agents,'  e.  g., 
peroxyde  of  lead  in  water,  yields  benzamide,  carbonic  acid, 
and  water,  according  to  the  following  Ibnnula. 


C,sH9NOa  =  C,4H,NO,  +  4COa  +  2IIO. 
Hippurifi  icid.         Bcnumide. 

Compounds  of  Hippitric  Acid. 

Nitrohippuric  add?  Cigll^NjOn,. — To  a  solution  of  hippuric 
acid  in  cold  fuming  nitric  acid,  an  equal  volume  of  oil  of 
vitriol  is  gradually  added,  care  being  taken  not  to  let  the 
mixture  get  hot.  After  two  hours  the  reaction  is  completed. 
The  liuid  is  now  mised  with  three  times  its  volume  of  water, 
being  continually  kept  at  a  low  temperature.  The  mixture, 
after  twelve  hours,  has  deposited  about  one  half  of  the  hip- 
puric acid  employed  in  the  form  of  nitrohippuric  acid  in 
needle-shaped  crystab.  The  mother-liquor,  when  neutralized 
by  carbonate  of  soda  until  it  begins  to  get  turbid,  deposits 
another  quantity  of  the  acid.  The  impure  acid  is  washed 
with  cold  water,  ct)mbined  with  lime,  and  the  soliition  of  the 
hme-salt  in  lukewarm  water  is  precipitated  by  hydrochloric 
acid. 

Nitrobenzoic  acid  may  he  taken  internally,  in  quantities 
amounting  to  6  grammes  per  diem,  without  injury  to  the 
system.  It  reappears  as  nitrohippuric  acid  in  the  urine,  ftam 
which  it  may  be  obtained  by  the  following  proceeding.  The 
acid  urine  is  evaporated  to  a  small  bulk.  It  remains  clear  on 
the  addition  of  hydrochloric  acidi  the  fluid  is  now  shaken 
'  Ftkling,  >  Ann.  d.  Chem.  und  Phirm.,'  xiviil,  p,  4S, 
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(SchlDBsbei^r) .      Sometimes  it  occurs  together  wittt 
acid  as  a  sec^iment. 

By  the  following  raetbod  hippuric  acid  cau  he  otrt^ 
from  comparatively  small  qtiaiittties  of  fresb  human  urine : 

Fresh  urine  is  evaporated  in  the  water-bath  to  a  symjr 
consistence^  and,  after  the  addition  of  some  hydrochloric  act<^ 
is  shaken  with  its  equal  volume  of  ether,  which  dissolves  thi 
hippuric  acid.      In  moat  cases  the  misture  does  not  8eparat«_ 
because  the  ether  is  inclosed  by  the  fluid  in  a  sort  of  lather  m 
but  the  separation  of  the  ether  takes  place  immediately,  i^X 
after  the  mixture  has  stood  for  an  hour,  one  twentieth  of  it*a 
volume  of  alcohol  be  added.     In  that  case  the  lather  dis-l 
appears  and  the  fluid  separates  into  two  layers,  of  which  the^ 
upper  and  lighter  one  contains  the  hippuric  acid ;  but,  at  [ 
the  same  time,  there  is  some  urea  dissolved  in  it,  by  means  of 
the  alcohol  which  has  been  added.     This  layer  is  now  carefully 
removed  by  means  of  a  pipette  and  shaken  with  small  portions 
of  water ;  the  alcohol  and  urea  combine  with  the  water,  and 
the  hippuric  acid  alone  remains  dissolved  in  the  ether.      By 
evaporation  it  is  obtained  in  crystals,  which  generally  are 
of  a  yellowiah  or  brown  colour,  from  a  resinous  substance, 
which  may  be  easily  and  perfectly  removed  by  animal  char- 
coal. 

From  the  urine  of  horses  or  cows  the  acid  may  sometime!  J 
be  obtained  in  the  form  of  a  yellowish-brown  powder,  by  the  I 
addition  of  hydrochloric  acid.  It  is,  however,  preferable  to  J 
concentrate  the  uriue  to  one  sixth  or  one  eighth  of  its  original  1 
volume  before  adding  hydrochloric  acid.  The  hippuric  acid  j 
thereby  obtained  is  very  much  coloured.  It  is  therefore  ad-  I 
^iBahle  to  remove  as  much  colouring  matter  as  possible  from  1 
the  urine  before  concentration.  For  this  puqtose  it  is  mixed 
with  an  excess  of  milk  of  lime,  and  boiled  for  some  miuutee;  J 
the  decanted  fluid  is  evaporated  to  one  sixth  or  one  twelfth  (rf  I 
its  volume,  and  after  cooling  mixed  with  an  excess  of  hydro-  J 
cliloric  acid.  After  the  lapse  of  about  twelve  hours  the  crys-  I 
tallisation  of  hippuric  acid  is  completed.  I 

The  crystals  so  obtsdned  have  yet  a  brownish  colour  and 
a  disagreeable  urinous  odour,  which  must  be  removed  by  ' 
a  purifying  process.  Tltc  solution  in  water  is  boiled  with 
some  caustic  lime  and  filtered ;  to  the  filtrate  chloride  of 
lime  is  added  until  the  urinous  odour  has  disappeared; 
animal  charcoal  is  now  mixed  with  the  fluid  until  the  filtrate 
is  colourless;  the  filtrate  is  mixed  with  hydrochloric  acid, 
and,  on  cooling,  deposits  hippuric  acid  perfectly  white  and  pure 
(Liebig).  In  this  proceeding  some  hippuric  acid  is  perhaps 
traii?formpd  into  benzoic  acid,  and  therefore  some  chemists 
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Hipfmrnteoflead,  n(!utral,C,^PbHpNO(+3HO,  is  obtained 
by  mixing  the  hot  solution  of  an  hippurate  with  solution  of 
acetate  of  lead ;  on  cooling  the  salt  is  deposited  in  laminae  of 
the  lustre  of  mother  of  pearl.  If  cold  solutions  of  lead  and 
hippiirate  are  mixed,  the  salt  precipitates  at  once  in  cheesy 
(iakes,  which  are  with  difficulty  soluble  in  boiling  water.  The 
jirecipitate  may  he  washed  on  a  filter,  dissolved  in  l>oiUng 
water,  and  after  filtration  while  boiling;  hot,  on  a  funnel,  kept 
hot,  is  obtained  from  the  cooling  solution  in  silky  groups  of 
tine  needles.  These  needles  contain  only  two  equivalents  of 
water  of  crystallization,  but  frequently  transform  into  the  salt 
with  three  equivalents  of  water,  by  suddenly  taking  up  one 
equivalent  of  wat«r  under  circumstances  not  yet  accurately 
known.  A  basic  hippurate  of  lead  is  obtained  by  boiling 
hydratcd  oxide  of  lead  in  a  solution  of  hippuric  acid. 

Hippurate  of  iron. — The  soluble  Iiippurates  cause  a  rusty 
brown  precipitate  in  salts  of  the  oxyde  of  iron.  Neutral 
sesqui -chloride  of  iron  produces  a  light  isabell  yellow  volu- 
minous precipitate  in  a  cold  solution  of  hippurate  of  potash, 
which  in  hot  water,  or  by  drying  at  a  temperature  of  30"  C, 
looses  water,  and  forms  a  brown  mass  like  Canada  balsam.  It 
is  insoluble  in  water,  easily  soluble  in  spirits  of  wine,  par- 
ticularly in  hot  Bi)irits,  and  from  the  solution  separates  on 
cooling,  partly  in  amorphous  masses,  partly  in  groups  of  i<il 
oblique  rhombic  prisms. 

The  salts  with  cobalt,  ntckel,  copper,  mercury,  and  silver, 
present  uo  pecidiarities. 


Deposits  of  Hippuric  Acid. 

As  the  type  of  hippuric  acid  dcjwsits  we  may  consider  the 
crvstals  which  form,  on  evaporation,  in  urine  containing  the 
acid  in  solution.  They  are  the  long  nectlle-likc  rhombic 
prisms  in  a  variety  of  combinations,  the  crystals  forming  in 
groups  of  a  stellar  arrangement.  The  characters  which,  I 
may  say,  distinguish  the  hippuric  acid  deposit  at  first  sight 
from  the  uric,  arc  the  smiJl  amount  of  colouring  matter  it 
contains,  the  needle-like  habitus,  and  the  stellar  arrange- 
ment. The  hippuric  acid  crystals  have  a  tendency  to  become 
club-shaped  at  their  ends.  This  tendency  eventually  ends  iji 
the  apposition  of  many  acicular  crystals  to  the  cud,  or  both 
ends,  of  a  single  prism. 

Deposits  of  hippuric  acid  are  by  no  means  common.  I 
have  seen  only  two  instances  of  this  kijid ;  and  in  one  of 
them  betuoic  acid  had  beeu  wJmJBMtered  as  a  medicine.  The 


14« 


BlPPinilC   ACID. 


second  case  was  that  of  a  youn^  married  lady,  who  suffered 
from  a  severe  attack  of  colic.  The  observatioti  ib,  however, 
not  sufficiently  accurate  to  be  recorded  at  fiill  length. 
Vogel'  ha8  observed  several  times  that  needle-like  crystals  of 
hippuric  acid  projected  like  spears  from  larger  crystals  of 
uric  acid.  In  such  a  case  it  is  beat  to  collect  the  deposit  on 
a  filter,  and  afterwards  to  boil  it  iu  alcohol.  The  ^coholic 
solution  leaves  the  crystals  of  hippuric  acid  on  evapora- 
tion. 

The  deposits  of  hippuric  acid  are  by  no  means  due  to  the 
Bame  indiWdual  causes  as  those  of  uric  acid,  though  the  same 
causes  may  co-operate  to  produce  such  deposits.  For,  hippuric 
acid  being  more  soluble  in  water,  it  follows  that  the  acid  must 
be  present  in  excess  before  any  deposit  can  take  place.  This 
is  known  to  be  not  requisite  for  a  deposit  of  uric  acid.  Any 
sediment  of  hippuric  acid  can  therefore  only  have  been  pro- 
duced by  the  co-operation  of  two  causes  :  1,  an  acid  present 
in  the  urine,  to  separate  hippuric  acid  firom  its  base ;  2,  an 
excess  of  hippuric  acid  over  the  saturating  ]H>int  of  the  urine 
at  a  certain  temperature. 


Quantiiy  of  Hippuric  Acid  secreted  in  twenty-four  hours. 


Beyond  the  assertion  of  Liebig  that  hippuric  acid  was  present 
in  himian  urine  iu  about  the  same  proportion  as  uric  acid, 
we  possess  no  observations  on  this  point.  These  observations 
are  the  more  necessary,  as  Duchek  has  negatived  the  opinion 
of  Liebig,  now  generally  received,  that  hippuric  acid  is  a 
constant  constituent  of  human  urine. 


■4 


Phyaiology. 

Benzoic  acid,  introduced  into  the  stomach,  appears  in 
the  urine  as  hippuric  acid.  Oue  or  several  drachms  of  benzoic 
acid  in  a  glass  of  grog  may  thus  be  taken;  and,  after  the  slight 
irritation  of  the  glottis  has  passed  away,  not  the  least  incon- 
venience is  experienced  by  the  indiridual  subjected  to  the 
experiment.  I  observed,  however,  that  a  strong  feeling  of 
sickness  followed  the  ingestion  of  a  dose  of  one  drachm  in  a 
glass  of  grog.  It  disappeared  in  the  course  of  half  an  hour. 
Benzoic  acid  appropriates  to  itself  glycine.  The  question 
now  arises,  where  that  combination  takes  place,  whether 
in  the  intestinal  canal,  in  the  portal  blood,  in  the  liver,  or  in 
any   other   part   of  the   system?     This   question   must  be 

cit..  p.  201. 
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answered  by  experiment ;  and  we  must  take  care  not  to  be 
biassed  by  the  presence  of  glycine  in  the  bile,  combined  with 
choieic  acid  as  glycocholic  acid. 

So  far  the  observations  are  clear  that,  if  benzoic,  cinnamic, 
nitrobenzoic  acids,  or  any  substances  containino;  them,  are 
taken  internally,  they  appear  in  the  urine  as  hippuric  and 
nitrohippuric  acids.  But,  as  the  food  of  most  people  does 
not  contain  any  benzoic  acid  as  far  as  we  know,  the  reg^ilar 
appearance  of  hippuric  acid  cannot  be  the  consequence  of 
diet  only.  Even  Duchek  found  that  his  greengages  did  not 
contain  a  sufficient  quantity  of  benzoic  acid  to  account  for 
the  whole  amount  of  hippuric  acid  found  in  liis  urine  after 
eating  them ;  and  he  therefore  takes  refuge  in  a  supposition, 
that  there  was  another  compound  of  benzoyle  present  in  the 
fruit,  which  was  capable  of  forming  hippuric  acid.  The 
strongest  argument  has  been  brought  by  Liebig.'  The  urine 
of  cows  is  always  equally  rich  in  hij)puric  acid,  no  matter 
whether  they  feed  on  hay  or  on  mangel  wurzel.  Now,  as 
the  latter  has  been  found  by  direct  analysis,  and  by  ex- 
perience in  the  manufacture  of  sugar,  not  to  contain  any 
benzoic  acid,  we  cannot  draw  any  other  conclusion  from  the 
presence  of  hippuric  acid  in  the  urine  of  berbivora  and  of 
man,  than  that  it  is  a  product  of  the  organism,  to  the  forma- 
tion of  which  the  elements  of  the  food  give  the  materials. 
Proust'  and  Guckelbei^er*  both  obseried  the  formation  of 
bitter  oil  of  almonds,  and,  secondarily,  of  benzoic  acid,  as  one 
of  the  pro<luct3  of  oxydation  of  albuminous  substances. 
We  may,  therefore,  by  analogy,  think  it  jiossible  that  the 
oxydatiou  of  albuminous  substances  in  the  body  may  yield 
some  benzoic  acid,  as  a  collateral  product,  in  small  quantity. 
These  constderationa  point  to  a  difference  between  the  oxyda- 
tion  of  albuminous  substances  in  herbivorous  animals  and  in 
eamivora.  The  urine  of  the  latter  has  not  been  observed  to 
contain  any  hippuric  acid,  and  the  urine  of  cows  always  con- 
tains this  acid,  even  when  their  food  is  decidedly  fr^  from 
benzoic  acid.  The  explanation  of  this  difference,  if  it  really 
exist,  (fill  have  to  be  sought  by  further  experiments. 

Regarding  the  physiological  bearing  of  hippuric  acid  in 
animals,  the  observations  seem  to  show  that  rest  and  activity, 
as  well  as  different  descriptions  of  food,  have  a  considerable 
influence  upon  the  quantity  in  which  it  is  found  in  the  urine. 
According  to  Liebig,*  rest  seems  to  favour  the  production  of 
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liippuric  acid,  and  the  uriue  of  horses  contains  a  larger  amount 
of  it  when  they  are  not  overworked.  In  accordance  with  thi> 
statement,  Erdniann  and  Marchand^  found  the  urine  of 
horses  kept  for  private  use  to  contain  much  hippuric  acid; 
that  of  horses  used  for  ploughing,  however,  contauied  only 
benzoic  acid.  Hutstein^  also  observed  that  the  urine  of 
private  horses,  which  had  yielded  hippuric  acid  exclusively, 
contained  only  benzoic  acid  after  they  were  used  for  hard 
work.  Dr.  G.  Bird*  says  that  both  tiippuric  and  benzoic 
acids  wiU  disappear  from  the  urine  of  over-driven  animals. 
He  could  not  detect  a  trace  of  either  in  the  urine  of  an  ox 
which  had  been  driven  up  from  the  country  to  Smithfield, 
and  killed  a  few  boui's  after. 

The  inHucncc  of  some  descriptions  of  food  has  been  inves- 
tigated by  Landerer,*  who  found  that  the  urine  of  horses 
woidd  only  yield  hippuric  acid  while  they  were  fed  on  oats 
and  hay,  and  did  not  yield  any  while  fed  on  barley  and  straw. 
Riley'  also  found  the  urine  of  calves  to  yield  hippuric  acid 
only  wldlc  feeding  on  grass  or  hay  ;  and  Schwartz^  obsened 
that  the  uriue  of  cows  contained  oiJy  traces  of  hippuric  acid 
when  fed  on  the  residue  from  the  distillation  of  spirits. 

The  occurrence  of  benzoic  acid  in  the  fresh  urine  of 
animals  is  at  least  problematical.'  Much  more  problematical, 
however,  is  rendered  the  influence  of  either  work  or  rest 
upon  the  quantity  of  hippuric  acid  secreted  by  animals, 
through  the  following  statements  of  Roussin.^  He  found  that 
horses  fatigued  produce  much  hippuric  acid,  and  little  urea. 
Horses  well  fed  and  quiet  produce  little  or  no  hippuric  acid  j 
urea,  on  the  contrary,  is  found  in  their  urine  in  very  large 

froportions.  The  limpidity  of  the  liquid  may  be  the  index. 
f  it  be  clear,  and  deposit  little  carbonate  of  hme,  it  has 
much  urea  and  little  hippuric  acid ;  if  it  be  muddy,  it  is 
certain  that  there  is  much  hippuric  acid.  Upon  this  fact 
Roussiu  builds  a  speculation  on  the  transformation  of  hip- 
puric acid  into  urea,  and  vice  ver*d,  the  very  nature  of 
which,  however,  makes  the  character  of  his  analyses  still  more 
doubtfiil  than  they  appear  at  first  sight,  from  the  fact  of  their 
being  in  direct  opposition  to  the  results  of  the  analyses  enu- 

1  '  Joum.  d.  Prart.  Chem,.'  uW,  p.  492. 

•  •  Brande'i '  Neues  Arrhiv  d.  Plunn.,'  In 
s  Lot  rit.,  p.  201. 

*  'N.  Joum.  d.  Phann.,"  ii,  p.  288. 

•  Ibid.,  xxii,  p.  354. 

*  '  Ann.  d.  Cbem.  anil  PbRrm.,'  liv,  p.  31 . 
'  Gorup-Bcaanra.  loc.  cit..  p.  171. 
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mcratcd  above.     In  the  following  Hualysea  he  detennined  the 
urea  in  the  form  of  the  dry  nitrate : 


Domflini  tl  Hone. 

«5i?'- 

laomiUlnr. 

9 

„      >t  work   . 

Anbiin  tUllioni  couipUtsIr  quiet. 

Ho.^«*ork.        .      ".        . 

..      fMigued  hy  ■  Jong  coune. 

Han«  (ficr  a  very  Inng  «iune   . 

7-8 
10-0 
00 

00 
00 
50 
130 
H-0 

I  BO 
320 
3S0 
330 
34'D 
210 
ISO 
13-0 

These  analyacB  should  be  repeated  with  the  whole  of  the 
urine  discharged  in  twenty-four  liours ;  in  other  words,  with 
regard  to  time.  The  urea  is,  moreover,  to  I>e  determined  by 
a  more  accurate  method  than  that  through  the  antiquated 
nitrate. 


Pathological 

The  case  of  a  girl,  suffering  from  chorea,  who  lived  on 
apples,  bread,  and  water,  and  discharged  an  excess  of 
hippuric  acid,  has  been  recorded  by  Pettenkofer.'  In  a 
case  by  Boucfaardat,  milk  diet  is  blamed  as  the  cause  of  a 
disebarge  of  two  parts,  in  a  thousand  of  the  urine,  of  hippuric 
acid,  by  a  woman  suffering  from  a  variety  of  severe  disorders. 
A  case  observed  by  Dr.  Garrod*  relates  to  a  young  man  who, 
under  certain  circumstances,  discharged  a  urine  which,  on  the 
addition  of  an  acid,  yielded  crystals  of  hippuric  acid.  Half  a 
pint  of  urine  yielded  10  grains  of  the  acid.  No  information 
as  to  the  source  of  the  hippuric  acid  could  be  obtained  from 
the  history  of  the  patieut.  It  is  denied  that  he  had  ever 
taken  any  benzoic  acid,  so  that,  if  no  imposition  was  prac- 
tised by  the  patient,  there  is  at  all  events  some  mystery  about 
bis  ease. 

A  large  quantity  of  hippuric  acid  is  present  in  the  acid  urine 
of  fever  patients,  of  which  it  is  said  to  cause,  in  part  at  least, 
the  acid  reaction.  The  observer  of  this  fact,  Lehmann,  has 
also  found  hippuric  acid  in  diabetic  urine,  in  every  instance 
iu  which  he  has  sought  for  it.  In  one  instance  100  parts  of 
nrine  yielded  0'025  parts  of  crystallized  hippuric  acid.     I 

'  '  Ann.  il.  Cbem,  nad  Fh*nn.,'  lii,  p.  S6. 

'  Origiuollj'  communictted  in  Dr.  G.  Bird'a  work,  p.  303.  Tbe  flnri  two  caaes 
[uay  ■Im  be  conialled  there  in  deUil. 
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have  already  mentioned  that  Hdnefeld  and  Duchek  have  con- 
firmed Lehman's  observations. 

The  last  observation  is  that  of  Schlossberger^  ahreadv  men- 
tioned. He  found  hippnric  acid  in  the  scales  of  ichthyosis. 
We  have  not  yet  been  informed  whether  it  was  accidentally 
present  in  a  single  case^  or  whether  it  is  of  frequent  or  con- 
stant occurrence  in  that  disease. 

The  reader  will  think  this  a  very  unsatisfactory  chanter, 
and  so  indeed  it  is.  We  want  observations,  for  which  there 
is  a  large  field  open.  But  undoubtedly  some  technical  di£S- 
culties  wiU  have  to  be  overcome  first,  before  the  analysis  of 
hippuric  acid  can  be  made  with  sufScient  accuracy. 


CHAPTER  VIII. 
CHLORINE    AND    CHL0EIDE8. 


RniHirku  on  //if  I nrAnm'atwii  nf  I  'rinr. 

Th  e  solid  residue  of  the  evaporation  of  uriiie,  wlien  ciposed 
to  a  red  heat  for  tlie  necesBary  length  of  time  after  the  com- 
plete combustion  of  all  organic  ingredients,  leaves  an  ash, 
which  is  made  up  of  the  so-called  iiieouibustihle  salts.  Accu- 
rate aiialvBis  has  shown  that  thia  ash  does  iiot  contain  the 
inorganic  salts  in  the  same  condition  in  which  they  were 
dissolved  in  the  urine ;  Irom  which  we  must  conclude  that, 
under  the  united  influences  of  heat,  the  oxygen  of  the  air,  and 
the  reducing  quality  of  the  charred  animal  matter,  they  have 
undergone  certain  considerable  changes.  The  acid  phosphate 
of  soda,  for  example,  when  intimately  mixed  with  carbon,  wiU, 
under  the  influence  of  red  heat,  give  oft'  a  part  of  its  acid, 
which  is  reduced  at  the  same  time,  and  volatilized  in  the  form 
of  phosphorus  and  corhonic  acid.  But  the  moat  considerable 
loss  which  the  fixed  salts  incur  by  the  process  of  incineration 
is  that  of  chlorine.  Indeed  so  considerable  is  this  loss,  that 
Becquerel  found,  as  the  average  quantity  of  chlorine  dis- 
charged by  healthy  adult  persons  in  twenty-four  hours,  only 
06{>  grammes,  wliich  is  scarcely  one  tenth  of  the  average  of 
chlorine  actually  removed  by  the  urine.  From  this  it  is  evident 
that  the  mode  of  determining  the  fixed  salts  by  incineration  of 
the  residue  of  the  urine  after  evaporation  is  quite  useless  for 
analvtical  purposes,  as  are  also  the  whole  of  the  analyses  made 
by  tliat  method.  But  even  were  the  analyses  by  iueineratiou 
approxiniatively  correct,  yet  evaporation  and  incineration 
take  so  much  trouble  and  time,  that  the  proccfis  is  en- 
tirely unainilable  for  pructicai  piu'poscs.     These  reasons  arc 
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quite  sufficient  for  us  altogetlier  to  abandon  the  proccediug 
in  detfrrmiuint!  the  acids,  and  without  rcfn^t,  as  we  posseBB 
Tolumetrical  and  other  methods  of  the  highest  acciu'acy,  by 
means  of  which  the  amount  of  any  of  the  acids  in  combina- 
tion with  the  fixed  bases  in  the  urine  may  be  determined. 


CHLORIDE     OF     BODICM.       NaCl. 

Compontion  and  Occurrence. 
Sodium    .     .    23'8 
Chlorine   .     .     355 


NaCl 


58'8  =  equiy.  chlondc  of  eodium. 


A  physiological  law  makes  this  substance  the  common  ac- 
companiment of  our  food.  Salt  is  a  necessary  to  man  and 
animal,  and  nature  finds  means  and  waj's  to  supply  it  to  both. 
Like  oxygen,  which  composes  two  thirds  of  our  globe,  salt  is 
found  everyiihere.  Its  solubility  in  water  equals  the  dilfusi- 
bility  of  oxygen;  and  thus  it  penetrates  the  masses.  There 
is  probably  no  water  on  the  globe  which  does  not  contain  it, 
and  consequently  it  pervades  the  vegetable  and  the  animal 
kingdoms.  Of  all  waters,  sea  and  mineral  water  contain  the 
greatest  abundance  of  it.  It  occurs,  moreover,  in  a  solid 
crystalline  state,  mostly  imbedded  in  layers  of  gypsum,  and 
then  is  termed  rock-salt.  Of  this  we  have  to  make  an  im- 
portant use  in  the  quantitative  analysis  of  the  chloride  of 
sodium  of  the  urine.  For,  no  salt  being  so  pure  as  rock-salt,  a 
solution  of  it  in  water  serves  as  the  basis  for  the  preparation 
of  all  the  tests  which  are  required  for  the  volumetrieal 
method. 

Cr^ntaUography . 

Chloride  of  sodium  crystallizes  in  the  cubic  system.  The 
cleavage  of  rock-salt  leads  to  a  cube,  and  crystallizations  of 
salt  from  pure  solutions  always  assume  this  form.  1i,  how- 
ever, certain  organic  substances  are  mixed  with  the  solution, 
the  crystallization  will  ensue  in  the  form  of  the  regiilar  octa- 
liedron.  Chloride  of  sodium,  therefore,  when  crystallizing  out 
of  the  urine  or  other  animal  fluids,  always  appears  in  octa^ 
hedra.  The  latter  are  best  obtained  by  cvajiorating  a  large 
amount  of  (one  day's)  nriue  to  a  tliiii  sj-rujiy  consistence,  and 
letting  it  stand  over  night.  The  crystals  will  be  foimd  in  the 
sediment  on  decanting  the  supernatant  fluid,  and  arc  good  ob- 
jects for  microscopical  observation. 


CHLOBINB. 


Chemical  proper  iie». 

Chloride  of  Bodiiim  dissolves  iu  water  of  from  54°  to  75°  F. 
(12''  to  24°  C),  invariably  at  the  rate  of  31-8i  parts  iu  100  parts 
of  the  saturated  HolutioD.  For  procuring  the  latter  clear  rock- 
salt  is  best  used,  as  already  described  under  Urea  (p.  57). 

In  solutions  of  chloride  of  sodium,  nitrate  of  silver  pro- 
duces a  white  precipitate,  which  is  insoluble  iu  uitric  and 
hydrochloric  acids.  We  make  use  of  this  test  for  removing 
chloridee  from  the  urine  when  we  wish  to  ascertain  accurately 
the  amount  of  urea  by  the  volumetrical  method.  In  the  same 
solutions  the  nitrate  of  the  suboiyde  of  mercury  produces  a 
precipitate  of  calomel  (subchloride  of  mercury) . 

If  a  concentrated  solution  of  chloride  of  BO(Uum  is  mixed 
with  a  similar  solution  of  nitrate  of  protoxyde  of  mercury, 
nitrate  of  soda  and  bichloride  of  mercury  (corrosive  sublimate) 
are  formed,  the  latter  transforming  the  fluid  into  a  white  magma 
of  crystals.  The  same  juxtaposition  takes  place  in  dilute 
solutions,  with  the  difference,  however,  that  the  fliiid  remains 
clear,  because  the  sublimate  is  kept  in  solution.  In  solutions 
which  contain  chloride  of  sodium  and  urea  at  the  same  time, 
no  jtrecipitation  of  urea  by  nitrate  of  protoityde  of  mercury 
will  take  place,  as  long  as  any  chloride  of  sodium  is  yet 
present  untransfornied  ijito  nitre  and  corrosive  sublimate. 
I'pou  this  test  is  based  the  volumetrical  analysis  of  chloride 
of  sodium  by  Professor  Liebig. 


Diagnosis  in  Uriite. 

As  it  is,  in  some  cases,  of  interest  to  know  whether  chloride 
nf  sodium  be  present  in  the  urine  or  not,  it  is  usefid  to  have 
a  short  qualitative  test  at  hand  for  ascertaining  the  fact. 
This  teat  is  nitrate  of  silver.  One  caution  only  is  required, 
namely,  to  strongly  acidulate  the  lu-ine  to  be  tested  with 
nitric  acid,  iu  order  to  prevent  the  precipitation  of  phosphate 
of  silver.  Or  the  nitric  acid  may  be  added  after  the  nitrate 
of  silver,  when  any  phosphate  of  silver  will  be  immediately 
dissolved, 


U^biff's  Method  of  detennining  the  quantity  of  Chlorine  in 
neutral  jlaids  bg  nieam  of  Nitrate  of  Proloxyde  of  Mercury . 

From  the  analysis  of  urea  we  are  alrcaily  acquainted  with 
Uie  fact,   that  nitrate  of  protoxyde  of  mercury  produces  u 
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(.^opioiiB  wliite  precipitate  in  ft  Hulution  of  urea.  l%u  preci- 
pitate id  not  produced  with  corroBive  sublimate. 

On  mixinK  n  oliloride  of  any  of  the  nlkati  metals  with 
nitrutc  <if  pmtoxydft  uf  inerourj",  a  transmutation  of  the  two 
MaltM  into  corronive  niiblimatc  and  a  nitrate  of  the  alkaline 
base  takett  place.  We  have  already  seen  the  result  of  this 
proocHH  tw  regards  cblortde  of  sodium. 

If  a  Nolution  uf  urea  is  riiixed  with  some  ehloride  of  sodium, 
futd  u  dilutn  solution  of  nitrate  of  protoxvdc  of  mercury  is 
then  added  in  small  portions,  a  white  tiirbidity  occurs  on  the 
spot  where  the  two  fluids  mix  with  each  other ;  but  this 
turbidity  immediately  disappears  if  the  fluid  is  shaken  a  little, 
and  the  latlor  reinains  as  clear  and  transparent  as  before  the 
luldition  of  titc  nitrate;  without  the  chloride  of  sodium  it 
would  bavc  remained  pormaueutly  thick.  On  the  addition  of 
tbe  nitrate  hriug  rontinued,  the  precipitate  will  disappear 
until  the  whole  of  the  cldoride  has  been  transformed  into 
rurrosivo  sublimate.  Beyond  this  limit  a  single  drop  of  the 
men'urial  solution  produces  a  permanent  turbidity  of  the 
fluid. 

t'lum  this  it  is  evident  that,  if  we  know  the  amount  of 
mercuT^'  contAined  in  the  dilution  of  the  oitrnte  of  the  prot- 
oxinle  of  mercury,  which  has  been  added  to  the  solutitm  of 
omt  coiitJtini»|{  an  unknown  aniouut  of  elUoride  of  sodiom, 
until  the  permanent  turbidity  was  produced,  the  amount  of 
dtltviuo,  or  rbloride  of  sodium,  contained  in  that  solution 
lOBT  lie  also  known.  Cue  t^iuivaleiit  of  utcmiry  of  the  mer- 
eunal  st^utioti  ct^nsuraed,  exadlv  corresponds  to  one  eqoivm- 
Imt  of  rhkvine  or  ehkuidr  of  sodium. 

On  the  contrary,  if  the  amount  uf  dUonde  of  MMlinni  oon- 
tiiimd  in  the  solution  of  urea  be  known,  and  the  aBMnmt  of 
mmaty  oooUincvl  in  tbe  akCfcuhal  aohukn  be  nnk»owii,  it 
IB  VH^  to  flwthte  iht  amouat  of  ■kefcoir  cGBtained  in  the 


TUb  procwdJag  tot  asccfltainnc  the  amount  of  blonde  of 
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of  commerce,  because  it  always  coutaine  lead  and  bismuth, 
which  render  the  analysis  of  chloride  of  sodium  uncertain. 
If  either  lead  or  bismuth  be  present  in  a  solution  of  mercury, 
it  will,  on  the  latter  beiiij^  mixed  with  a  solution  of  urea 
containing  chloride  of  sodium,  immediately  cause  a  white 
turbidity  or  opalescence,  which  makes  it  impossible  to  see 
distinctly  the  point  at  which  the  eombiiiatiou  of  urea  and 
oxyde  of  mercuir  begins  to  be  precipitated. 

If,  therefore,  it  is  the  intention  of  the  operator  to  use  the 
common  mercury  of  commerce,  it  will  be  best  for  him  to 
transform  it  into  crystallized  protonitrate  or  nitrate  of 
Buboxyde  of  mercury,  by  boiling  an  excess  of  the  metal  in 
dilute  nitric  acid,  concentrating  and  cooling  the  solution. 
The  crystals  of  this  salt  are  then  separated  from  the  mother- 
liquor,  which  contains  the  foreign  metals ;  they  are  washed 
with  dilute  nitric  acid,  afterwards  with  a  little  water,  by  which 
process  a  part  is  transformed  into  basic  salt.  If  the  commer- 
cial nitrate  of  the  suboxyde  be  used,  this  process  of  washing 
must  always  be  gone  through,  liecause  the  manufacturers 
simply  remove  the  crystals  from  the  mother-liquor  without 
washing  them.  Small  pieces  of  the  crystallized  salt  shoidd 
not  be  used  at  all,  because  the  yellowish  mother-liquor 
adheres  to  them  with  such  pertinacity,  that  it  is  difficult  to 
remove  it  by  washing  without  dissolving  the  greater  part  of 
the  salt  also. 

The  crystals  of  nitrate  of  subosyde  of  mercury  are  now 
dissolved  in  nitric  acid,  and  heated  until  the  evolution  of 
vapours  of  nitrous  acid  has  entirely  ceased,  and  a  drop  of  the 
solution  is  no  longer  precipitated  by  cldoride  of  sodium.  The 
solution,  after  evaporation  on  the  water-bath  to  a  syrupy 
consistence,  is  diluted  with  ten  times  its  own  volume  of  water. 
If,  after  the  lapse  of  twenty-four  hours,  any  basic  salt  of  the 
protoxyde  has  been  precipitated,  it  may  be  removed  by 
filtration. 

In  order  to  make  this  solution  seniceable  for  the  quantita- 
tive analysis  of  chloride  of  sodium  it  must  be  graduated,  so 
as  to  contain  a  definite  amount  of  nitrate  of  protoxyde  of 
mercury  in  a  given  volume.  This  may  be  effected  in  two 
ways.  It  is  either  graduated  directly  by  means  of  a  solution 
of  chloride  of  sodium  of  known  strength,  or,  after  the  amount 
of  protoxyde  it  contains  has  been  determined,  it  may  be 
diluted  with  as  much  water  as  is  necessarv,  in  order  to  make 
one  cubic  centimetre  of  this  dilute  mercurial  solution  indicate 
exactly  10  milligrammes  of  chloride  of  sodium.  For  both 
proceedings  a  solution  of  chloride  of  sodium  is  required, 
containing   a   known    amount    of   this   salt.       The   prepa- 
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ration  of  the  standard  saturated  solution  has  already  been 
described  at  p.  56.  Of  this  saturated  solution  we  take  with 
a  pipette,  observing  the  UHual  caution,  20  e.c,,  and  add 
2981  e.c.  of  water,  whereby  we  obtain  318-t  e.e.  of  dilute 
solution  of  chloride  of  sodium,  containing  in  all  2x3184 
millifrrammeB  of  chloride  of  sodium;  10  e.c.  of  this  solution 
contain,  therefore,  200  milligrammes  of  cidoride  of  sodiiun. 

Preparation  of  mercurial  solution  graduated  f&r  chloride  of 
sodium. — Ten  cubic  centimetres  are  measured  by  means  of  » 
small  pipette  delivering  exactly  that  amount  of  fluid  after 
having  been  filltxi  up  to  the  mark  on  the  narrow  tube.  Tlie^c 
10  e.c.  are  poured  into  a  small  beaker;  to  this  are  added  3  e.e. 
of  a  solution  of  urea,  containing  in  100  e.c.  4^  grammes  of  urea, 
in  1  c.e.  therefore  4H  milligrammes  of  nrea.  For  measuring 
this  latter  solution  a  narrow  test-tube  is  very  serviceable, 
when  marked  with  a  file  at  the  point  to  which  it  will  l>e  filleii 
by  any  3  e.c.  of  fluid.  It  does  not  matter  whetlicr  a  few 
drops  more  or  less  are  taken. 

The  dilute  solution  of  mercury  to  be  graduated  is  now 
filled  into  a  dropping  glass  or  burette,  and  from  this,  and 
after  noting  down  the  level,  it  is  added  in  droiw*  to  the  so- 
lution of  chloride  of  sodium  containing  urea,  which  is  kept  in 
a  rotatory  motion,  The  formation  of  a  distinct  and  permanent 
precipitate  indicates  the  completion  of  the  test.  An  opales- 
cence of  the  fluid  must  not  be  mistaken  for  the  precipitate  of 
urea  and  protoxyde  of  mercury.  It  is  caused  by  a  trace  of 
foreign  metal ;  it  may  easily  be  recognised  as  not  proceeding 
from  the  completion  of  the  test  by  the  circumstance,  that 
after  its  appearance  the  turbidity  is  not  increased  by  the  addi- 
tion of  a  few  more  drops  of  the  mercurial  solution.  If  the 
precipitate  has  been  caused  by  the  compound  of  urea,  every 
additional  drop  of  the  mercurial  fluid  produces  an  increase  of 
the  preeipiute,  and  therefore  makes  the  fluid  thicker  than  it 
was  before. 

In  graduating  these  fluids,  1  generally  take  the  following 
caution.  I  measure  10  e.c,  of  water  into  a  beaker,  add 
3  e.c.  of  the  solution  of  iirea,  and  then  one  or  two  drops  of 
the  mercurial  solution  to  be  graduated.  The  amount  of  pre- 
cipitate thus  produced  shows  the  limit  to  which  the  addition 
of  mercurial  solution  to  the  fluid  containing  a  known 
amount  of  chloride  of  sodium  must  be  carried,  in  order  to 
he  safe  against  the  error  from  the  opalescence  of  the  mixture. 

Suppose  that  there  have  been  used  for  the  production  of  the 
precipitate,  in  10  c.c.  of  the  sohition  of  chloride  of  sodium, 
7"8  c.c.  of  the  mercurial  fluid,  the  latter  is  too  concentrated  to 
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admit  of  accurate  graduatiou ;  it  is  therefore  diluted  with  its 
equal  volume  of  water,  and  then  tested  a  second  time.  Sup- 
pose that  there  have  uow  been  used,  for  10  c.c.  of  the  solutiou 
of  chloride  of  Bodium  mixed  with  urea,  155  c.c.  of  the  mer- 
curial solutiou  for  tlie  production  of  a  permanent  precipitate, 
then  we  add,  to  every  155  volumes  of  tliis  mercurud  solutiou, 
45  volumes  of  water,  whereby  we  obtain  200  volumes  of  a  mer- 
curial solution,  of  which  200  c.c.  exactly  indicate  200  railii- 
grnmmes  of  chloride  of  sodium,  or  one  cubic  centimetre  10 
milli^anunes  of  chloride  of  sodium. 

If,  in  the  first  test,  we  use  27  c.c.  for  10  c.c.  of  solution  of 
cldoride  of  sodium,  we  then  add  five  or  six  times  the  ajuoimt 
of  water  to  it.  The  mercurial  solution,  which  is  to  be  gra- 
duated, must  not  be  too  different  in  concentration  from  the 
fluid  required  for  the  test,  and  which  we  are  desirous  of  pro- 
ducing. 

We  finally  ascertain  the  correctness  of  the  measurements 
by  an  experiment.  The  degree  of  permanent  precipitate  pro- 
duced by  the  addition  of  20  c.c.  to  lOc.c.  of  the  solution  of  cldo- 
ride of  sodium  and  urea.must  be  borne  in  mind  wbenperfonn- 
ing  the  actual  analysis  for  practical  purposes.  The  only  source 
of  error  connected  with  this  quantitative  analysis  of  cldoride 
of  sodium,  is  that  an  excess  of  the  mercurial  solution  may  be 
added,  so  that  the  precipitate  is  formed  in  excess ;  or  that  too 
little  of  the  solution  may  be  added,  so  that  the  turbidity  is 
insufficient.  But  a  little  practice,  and  the  caution  recom- 
mended above,  will  soon  teach  ns  how  to  avoid  this  error, 

The  test-fluid,  the  preparation  of  which  has  just  been  de- 
scribed,is  calculated  for  those  cases  in  which,  besides  chlorides, 
there  are  no  other  salts  and  no  excess  of  urea  in  solution.  It 
is  liable  to  lead  to  a  small  error,  when  used  for  the  determi- 
nation of  chloride  of  sodium  in  the  urine,  which  makes  its  appa- 
rent amoimt  in  urine  smaller  than  in  reality  it  is.  This  error  is 
occasioned  by  the  earlier  appearance  of  the  critical  precipitate 
at  the  completion  of  the  test,  in  cases  where  much  urea  and 
other  salts  are  present,  liecause  the  precipitate  is  less  soluble 
iu  the  more  concentrated  fluids.  A  deposit  of  nitrate  of  urea 
and  protoxyde  of  mercury  is  of  course  not  formed  in  the  fluid, 
before  the  latter  is  saturated  with  the  former.  The  mer- 
curial solution  always  contains  free  nitric  acid,  wldch  dis- 
solves more  of  the  nitrate  of  urea  and  protoxyde  of  mercury 
than  water,  and  the  latter  more  than  a  solution  of  nitrate 
of  urea. 

But  as  urine  generally  contains  more  urea  than  has  been 
added  to  the  solution  of  chloride  of  sodium  for  the  purpose  of 
its  graduation,  this  urea  takes  a  part  of  the  free  nitric  acid  of 
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the  mercurial  solution,  forming  nitrate  of  urea,  which  dimi- 
nishes the  solubility  of  the  precipitate  in  the  fluid.  As  the 
precipitate  in  that  case  appears  earlier,  less  test-fluid  is  used, 
for  producing  the  critical  test.  This  error  may  be  completely 
avoided  by  adding  to  the  10  c.c.  of  solution  of  chloride  of 
sodium,  to  which  3  c.c.  of  the  solution  of  urea  have  been 
added,  5  c.c.  of  a  solution  of  sulphate  of  soda,  saturated 
at  the  ordinary  temperature  of  the  air,  and  then  graduating 
the  fluid. 

Nitrate  of  protoxyde  of  mercury,  when  added  to  a  solution 
of  sulphate  of  soda,  produces  a  yellow  pulverulent  precipitate 
of  turpeth  mineral.  If  the  sulphate  of  soda  contain  chloride 
of  sodium,  the  addition  of  the  nitrate  of  protoxyde  of  mercury 
will  not  form  a  precipitate  of  turpethum  before  the  whole  of 
the  chloride  of  sodium  has  been  transformed  into  sublimate, 
and  the  addition  of  the  sulphate  of  soda  modifies  the  experi- 
ment only  in  one  way,  namely,  by  the  combination  of  the 
free  acid  of  the  mercurial  solution  with  the  sulphate  of  soda 
an  acid  salt  is  formed,  which  has  the  same  effect  as  an  excess 
of  urea. 

On  adding  urea,  and  afterwards  nitrate  of  protoxyde  of 
mercury,  to  a  solution  of  sidphate  of  soda  which  does  not  con- 
tain any  chloride  of  aodiimi,  and  may  be  tolerably  dilute,  the 
mixture  becomes  a  gelatinous  magma  of  a  suowy-white  com- 
bination, which  contains  sulphiu-ic  acid,  urea,  and  protoxyde 
of  mercury,  and  is  a  little  less  soluble  iu  water  than  the  cor- 
responding nitrate. 

The  quantitative  analysis  of  chlorine  by  means  of  a  salt  of 
silver  is  so  accurate,  that  we  cannot  say  that  there  is  a  more 
accurate  one  in  existence.  The  method  juat  described  of 
finding  the  amount  of  chlorine  or  chloride  of  sodium  by  means 
of  the  nitrate  of  protoxyde  of  mercury  is,  however,  by  no 
means  inferior  as  regards  accuracy  to  the  method  which  em- 
ploys nitrate  of  silver.  But  the  former  is  only  suitable  for 
neutral,  very  slightly  acid,  or  alkaline  fluids,  because  an  excess 
of  acid  prevents  the  precipitation  of  the  urea  compound. 

The  only  advantage  of  the  nitrate  of  protoxyde  of  mereuiy 
over  the  silver  salts  consists  in  the  circumstance,  that  the  end 
of  the  experiment  is  indicated  by  the  beginning  of  the 
reaction.  In  testing  with  the  solution  of  silver  the  test  ia 
completed  when  no  precipitate  is  any  longer  formed,  and 
no  reaction  is  perceived.  In  this  ease  the  thickness  of 
the  fluid,  and  the  diffictdty  of  making  it  clear,  stand  in  the 
way  of  rapid  execution.  But,  with  the  mercurial  solution, 
some  dozen  analyses  may  be  made  in  an  hour ;  and  it  is, 
therefore,  pai-ticularly  applicable  to  technical  proceedings ; 
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for  example,  ascertaiuing  the  amount  of  chloride  of  sodium 
ill  Biilphate  of  soda,  and,  after  previous  ucutralization,  in 
commercial  soda. 

The  fluid  applied  to  the  vriiie. — Special  proceedings. — 
Before  the  fluid  can  be  applied  to  the  uriue,  it  is  necessary  to 
remove  the  phosphoric  acid  from  the  latter.  Tliis  is  done  by 
the  solution  of  baryta  in  the  maimer  described  at  p.  61.  The 
fluid  filtered  from  the  precipitate  is  alkaline  from  au  excess  of 
baryta.  This  alkaline  reaction  must  be  removed  by  the 
addition  of  nitrie  acid.  The  correctness  of  the  analyses  to  be 
made  mainly  depends  upon  the  caution  not  to  add  more 
nitric  acid  to  the  filtered  liquid  from  the  baryta  precipitate, 
than  is  just  necessary  to  produce  a  faiut  acid  reaction.  For 
this  reason  it  is  advisable  to  acidulate  the  whole  filtered  liquid 
before  takinj;  any  part  from  it  by  means  of  dilute  nitric  acid ; 
an  excess  of  one  drop  of  acid  m  100  c.c.  of  fluid  is  of  no 
consequence,  while  it  would  interfere  with  the  accuracy  of  the 
analysis  when  added  to  the  smaller  quantity  used  for  analysis. 

For  the  test  we  take  15  c.c.  of  the  acidulated  fluid,  corre- 
sponding to  10  c.c.  of  urine.  This  is  done  by  meann  of  a  small 
pipette  which  exactly  delivers  15  c.c.  when  filled  to  the  mark 
in  the  narrow  tube.  The  measured  quantity  is  deliiered  into  a 
small  beaker,  and  being  kept  in  a  rotatory  motion  the  mer- 
curial solution  is  made  to  flow  into  it.  After  the  turbidity 
has  appeared,  the  amount  of  test-fluid  used  is  reatl  off  the 
scale  of  the  burette ;  every  cubic  centimetre  used  corresponds 
to  10  milligrammes  of  chloride  of  sodium. 

The  presence  of  chloride  of  sodium  in  the  urine  requires 
some  modifications  of  the  analysis  for  urea,  wliich  has  already 
been  described  at  p.  62,  et  seq.  There  it  has  been  stated 
that,  for  very  accurate  analyses,  the  removal  of  the  chlorine 
i'roiu  the  urine  before  the  addition  of  tlie  flmd  graduated  for 
urea  became  essential,  and  a  graduated  solution  of  nitrate  of 
silver  to  be  used  for  that  purpose  was  described.  In  this  case 
the  analysis  of  chloride  of  sodium,  by  means  of  the  mercurial 
solution,  serves  to  indicate  exactly  the  amount  of  solution  of 
silver  (graduated  for  the  same  amount  of  chloride  of  sodium 
as  the  mercurial  solution)  which  has  to  be  added  to  the  urine 
for  precipitating  the  whole  of  the  chlorine  contained  in  it. 

Duily  average  amount  of  Chlorine  discharged  during  health. 

As  the  amount  of  chloride  of  sodium  found  in  the  urine 

by  difltrent  observers  ia,  in  many  instances,  expressed  by  the 

amount  of  chlorine  only,  which  has  been  found  by  analysis, 
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the  reader  will  do  well  to  take  care  not  to  confoono 
espressiiig  the  amount  of  chlorine  with  those  expressing  t 
amount  of  chloride  of  sodium. 

Tlie  first  observations  of    tlie  daily   average   amount  i 
chlorine  discharged  by  persons  of  diiferent  sexes  and  age*  I 
were  made  bv  Bischoff.'     His  results  are  as  follows  : 
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Before  Bischoff,  Hegar*  published  a  series  of  very  accu-^ 
rate  observations  made  upon  eight  young  gentlemen,  stu- 1 
dents  at  the  University  of  Giessen.  The  daily  average  of'' 
chlorine  discharged  he  found  to  vary  in  different  individuals, 
and  to  fluctuate  between  7'4  and  139  grammes.  This  gives 
for  one  individual  of  that  class  a  daily  average  of  10  grammes 
of  chlorine,  corresponding  to  165  grammes  of  chloride  of 
sodium,  and  calculated  for  one  hour  it  gives  044  grammes  of 
chlorine,  corresponding  to  073  grammes  of  eldoride  of  sodium. 
For  the  average  of  adult  persons,  however,  the  medium 
amount  of  chlorine  discharged  during  twenty-four  hours  is 
not  quite  so  high,  aud  accordingly  Vogel  assumes  for  the 
majority  of  adult  individuals  6  to  8  grammes  as  the 
average  of  chlorine  discharged  daring  twenty-four  hours, 
corresponding  to  10  and  13  grammes  of  chloride  of  sodium, 
which,  calculated  for  one  hour,  gives  025  to  0-33  grammes 
of  chlorine,  equal  to  from  OH  to  0'54  grammes  of  chloride 
of  sodium.  The  figures  given  by  Bischoff  show  some  relative 
quantities  in  women  and  children. 

Thai  the  amount  of  chlorine  discharged  dttrirtg  twenty-four 
hours  varies  in  different  individuals,  undoubtedly  depends 
mainly  upon  the  fact  that  unequal  amounts  of  chloride  of 
sodium  are  ingested  with  the  food  by  different  persons. 
Sailors,  who  have  lived  on  salt  rations  for  the  greater  part  of  i 

'  Loc.  dt..  p.  23,  \9i3. 

'  llcgar,  Alfied,   '  Ueber   Auucheiduiig  der  Chlorverbinduugeu  durcli   li 
11  vn,'  GiuicD,  1862. 
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their  life  spent  afloat,  will  discharge  an  extraordinary 
amount  of  cntorine  in  their  urine,  because  the  ordinary  food 
of  our  kitchen  is  insipid  to  them  without  the  addition  of 
an  amount  of  salt  that  woulil  make  any  ordinary  person  ill. 
These  men  may  frequently  be  seen  dipping  aweet  cake  into 
the  salt-cellar,  and  this  incliuatiou  generally  lasts  for  the 
remainder  of  their  life  on  land.  Common  life  shows  how 
dift'erent  are  the  tastes  of  indiriduals  relative  to  the  amount 
of  salt  ill  their  food,  and  leads  us  to  expect  the  dificrences 
which  indeed  we  find. 

The  amount  of  chlorine  discharged  by  an  individual  varies 
on  different  days,  according  to  and  correeponditig  with  the 
amount  of  chloride  of  sodium  taken  with  his  food.  When 
Falck  ate  strongly  salt  food  on  three  successive  days,  he  dis- 
charged the  following  respective  amounts  of  cldorine,  namely, 
O'O,  7'8,  and  10'3  grammes  during  twenty-four  hours.  But 
when  he  partook  of  food  containing  no  additiou  of  salt,  he 
discharged  3*5,  IC,  and  09  grammes  of  chlorine  on  the 
three  respective  days  succeeding  the  experiment.  Professor 
Vogel  observed  the  amount  of  chlorine  discharged  per  hour 
by  several  individuals  who  had  taken  kitchen  salt  in  doses 
not  sufficiently  large  to  purge  them.  In  alt,  the  amount  of 
chlorine  dtseharged  per  hour  was  increased,  and  rose  from 
0'4  grammes  to  10,  nay,  even  18  grammes.  In  some,  the 
chlorine  which  had  passed  into  the  blood  was  discharged 
again  by  the  urine  rapidly  and  in  large  quantities ;  while  in 
others  the  discharge  lasted  longer,  and  the  quantities  for 
equal  times  were  smaller. 

The  largest  amount  of  chlorine  per  hour  is  secreted  a  few 
hours  after  the  largest  meal  of  the  day,  the  smallest  amount 
is  invariably  secreted  daring  the  night  (sleep) .  In  eight  indi- 
viduals examined  by  Ilegar  the  average  amount  of  chlorine 
discharged  per  hour  was,  in  the  afternoon,  057;  in  the 
night,  U'28 ;  in  the  forenoon,  048  grammes.  In  one  and 
the  same  person  the  average  amount  of  chlorine  per  hour 
would  vary  between  020  as  minimum  and  132  grammes  as 
maximum  per  hour,  so  that  the  maximum  was  more  than  six 
times  as  large  as  the  minimum.  From  this  we  must  con- 
clude that  the  secretory  activity  of  tlie  kidneys,  as  regards 
chlorine,  is  diminished  during  rest  and  sleep.  Though  the 
blood  be  rich  in  chlorine  taken  with  the  food  in  the  evening, 
yet  the  lowest  amount  of  chlorine  is  dischai^ed  during  the 
night.  Mental  and  bodily  activity,  on  the  other  hand,  will 
increase  the  secretory  actirity  for  chlorine  of  the  kidneys  at 
any  time  during  the  day  or  night.  This  is  particularly  strik- 
ing in  the  morning.     For,  though  a  person  aSter  a  supper 
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containiog  plenty  of  salt  may  accrete  a  very  small  amount 
of  chlorine  during  the  sleep  of  the  aight  following,  and  for 
breakfast  may  take  food  containing  no  addition  of  salt,  or 
no  food  at  all,  or  only  a  tumbler-full  of  water,  yet  tbe 
amount  of  chlorine  discharged  during  the  hours  of  the  fore- 
noon, when  the  mind  and  body  are  most  active,  and  when 
the  nutritive  changes  of  the  body  are  being  rapidly  ett'ected, 
will  be  double  the  amount  of  that  during  the  night.  It  will 
of  course  rise  still  more,  if  food  containing  an  addition  of 
salt  be  taken.  The  amount  of  chlorine  discharged  after  a 
substantial  English  breakfast,  with  meat  and  eggs,  is  there- 
fore considerably  larger  than  that  discharged  after  the  Con- 
tinental caff  an  fail,  or  the  coffee  and  hot  rolls  of  the 
German  student.  Hegar  found  that  a  person  who  used  to 
be  given  to  mental  labour  discharged  more  chlorine  per  hour 
of  the  night  (0'47  grammes)  than  during  the  same  time  in 
the  morning,  when  the  quantity  was  oidy  OW  grammes. 
Vogel  observed  frequently  an  instantaneous  increase  in  the 
amount  of  chlorine  secreted  by  the  urine  under  the  influ- 
ence of  increased  mental  and  bodily  labour.  \Vc  have 
already  seen  that  the  same  causes  exert  a  similar  influence 
upon  tlie  total  quantity  of  urine  discharged,  and  upon  the 
amount  of  urea  secreted  with  it.  There  can  be  no  doubt 
that  most  of  the  ingredients  of  the  urine  share  this  fate,  as 
we  have  seen  or  shall  see  more  particularly  under  the  history 
of  the  single  substances.  Vogel  states,  moreover,  that  by  the 
ingestion  into  the  system  of  large  quantities  of  water,  which 
stimulate  the  kidneys,  not  only  the  amount  of  urine  and 
urea,  but  also  of  chlorine  is  increased.  After  the  stimulus 
has  ceased,  there  follows  a  period  of  relaxation ;  during 
which  the  activity  of  the  kidneys  becomes  lessened,  and  less 
chlorine  than  usual  is  excreted.  A  person  whose  hourly 
accretion  of  chlorine  during  the  night  was  0'13  grammes, 
drank  four  pints  of  water  in  the  evening.  The  hourly 
amount  of  chlorine  rose  to  060  for  several  hours,  fell  then 
to  012  grammes,  and  somewhat  later  to  010  grammes. 
In  the  morning,  however,  though  no  breakfast  had  l>cen 
taken,  the  amount  of  chlorine  was  raised  to  051  grammes 
by  horse  exercise.  Another  person  drank  tour  pints  of 
water  in  the  afternoon  after  dinner,  wJiereby  the  hourly 
amount  of  chlorine  towards  and  during  the  evening  rose  to 
189  grammes;  during  the  night  it  amounted  to  0'57 
grammes,  being  019  in  excess  of  the  usual  average.  On  the 
next  morning  the  same  individual  drank  again  two  pints  of 
water;  but,  notwithstanding  this,  the  hourly  amount  of 
chlorine  remained   bolow   the    normal   average  during   the 
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entire  day,  amounting  only  to  0-42  grammes,  sinking  in  the 
night  following  as  low  as  to  0014,  rising  a  little  on  the 
second  morning  to  0'22  grammes,  and  falling  again  to  0-18 
grammes,  notwithstanding  the  person  bad  eaten  a  piece  of 
bread  and  butter  with  much  salt  (vide  Vogel,  p.  257), 

Upon  the  basis  of  the  above  facta  we  are  now  enabled  to 
explain  the  opinion  of  Barral,*  who  by  a  aeries  of  very  accu- 
rate analyses,  tlie  substance  of  which  was  first  presented  to 
the  French  Academy,  and  subsequently  published  in  a  sepa- 
rate form,  came  to  the  conclusion  that  chloride  of  sodium 
increased  the  elimination  of  the  nitrogenized  ingredients  of 
the  urine.  In  some  of  his  experiments,  Barral  determined 
the  whole  amount  of  chlorine  taken  with  the  food,  and,  on 
the  other  hand,  the  chlorine  and  urea  excreted.  If  such  a 
series  of  analyses  were  now  to  be  performed  by  the  more  accu- 
rate methods,  there  can  be  no  doubt  that  they  would  lead  to 
important  evidence  regarding  the  causes  and  influences 
determining  and  modifying  the  amount  of  chlorine  ext-reted 
by  the  kidneys,  particularly  if  the  fteces  and  other  excreta 
were  also  taken  into  consideration.  There  is  one  way,  how- 
ever, in  which  chloride  of  sodium  indirectly  increases  the 
discharge  of  urine  and  its  ingredients;  namely,  by  causing 
thirst  when  taken  in  any  quantity ;  the  water  which  is 
drank  in  consequence,  acting  as  a  stimulant  of  the  kidneys, 
carries  away,  not  only  the  salt,  but  also  organic  ingredients 
in  solution. 

Chlorine  of  the  Urine  in  liisenst. 

Since  Redtenbacher  drew  the  attention  of  the  medical 
world  to  the  fact  of  the  absence  of  the  chlorides  from  the 
urine  discliarged  by  patients  in  certain  stages  of  pneumonia, 
and  to  the  diminution  of  these  salts  in  other  stages  of  that 
disease,  many  researches  have  been  made  in  that  direction. 
Though  at  first  they  were  mainly  directed  towards  pneumo- 
nia,^ of  which  disease  exclusively  the  absence  of  the  chlorides 
was  for  some  time  thought  to  bo  a  peculiar  fiature,  yet  the 
extension  of  the  investigations  to  other  diseases  sliowed  soon 
that  the  bearing  of  the  chlorides  in  all  acute  diseases  was  so 
very  much  the  same,  that  the  idea  of  its  being  a  peculiarity  of 
pneumonia  had  to  be  abandoned. 

The  result  of  many  observations  of  Vogel  and  others, 
last  of  myself,  then,  is  that  in  nil  acute  febrile  diseases  the 
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tmtamMt  af  cUorime  AmJkmrfnJ  im  CAr  vrmt  nka  r^Uit/  lo  m 
■■'■■'■■■i.  aqr  M'  tmmOndtk  /mrt  ^  tU  %*mm^  monmml  lt» 
lAe  imdiriilmml,  mrnlU  mt  Int,  m  rrrtmm  raw*.  U  Jtwyyarj 
ntfnvlf  >iir  «  akori  time,  mem  tit  <fiw«W  mt^m  u  a6«/- 
My,  Ur  tmtmmt  vf  tMe  tUoridee  riaa  Jmrhif  c—w fctmcy, 
wrfrWM  •Aoxp  fir  mormml  mrrofr.  Wr  harr  abcad;  aren 
that  the  totiri  quBtitf  of  orine  In*  ■  •unilu-  iHatimt  to  the 
stages  of  acute  tebrSe  dwasn.  But  it  b  the  rercne  with 
the  eo4oi[nng  nutter  or  oismatioe,  the  aiDoant  of  vhtch 
naes  and  &lla  in  the  infene  ntio  of  the  diknae ;  ao  that 
when  the  Uttxex  is  enttrdf  absent,  the  fatmei'  is  dischatiged 
in  the  largest  qnantitT.  Vre*,  on  the  other  hand,  thoti^ 
rinig  at  fint  in  amoont  inversely  to  the  sinking  ol  the 
amoant  of  cblonne,  aftenrards  naka  below  the  hcalthv 
average,  and  daring  convalescmce  rises  paraltel  with  the 
amount  of  chlorine. 

In  the  cate  of  a  man  suffering  fiom  serere  pfenro-pneamonia, 
^'ogel  found  (be  chlorine  sinking  rapidly  to  0~6  gnnuues  in 
twenty-four  boors  on  the  third  dsy  of  the  disuse,  to  0*8 
t  on  tbe  fonrth,  on  the  fifth  to  almost  0.  Fmtn 
I  day  the  diacaHed  action  aljated,  und  the  appetite  im- 
',  when,  t<^etbcT  with  these  inipiurements,  tbe  amount 
of  chlorine  discharged  rose  to  the  normal  average,  as  the 
following  figures  show:  0'4,  1-8,  26,  5-5,  9'0  grammes. 
From  this  time  the  amount  of  chlorine  fluctuated  a  little, 
and  sometimes  exceeded  the  normal  average.  It  vas,  on  the 
rc«jx-ctive  days,  10-7,  ISo,  9-7,  119,  159,  108  grammes. 

The  same  course  has  been  established  by  the  obscrTatioun 
of  Itcale.  He  fouod  that  tbe  chloride  of  sodium  was  totally 
abscut  from  the  urine  uf  pueumouic  patientfl  at  the  period  of 
ornijilcte  hepatizatiou  of  the  luug,  and  that  it  reappeared 
aftirr  tbi-  rtmoiution  of  the  inllammation.  The  fact  tl^t  the 
sputa  of  pneumonic  patients  contain  a  verj'  lai^  quan- 
tity of  the  cbloridce,  must  probably  be  explained  by  their 
being  in  [lart  extravasations  and  exudations  &om  the  blood, 
which,  Kc  now  know,  always  retains  a  certain  amount  of  the 
chlorides.  These  exudations  may  either  Lave  been  deposited 
at  the  time  when  the  blood  yet  possessed  an  excess  of 
chlorine,  or  they  may  liave  appeared  after  the  chlorine 
had  ceased  to  be  discharged  in  the  urine  in  apprecis- 
blc  quantities.  However,  that  may  ultimately  be  decided 
by  analysis ;  what  I  desire  to  point  out  is,  that  tbe  absence  of 
the  ebloridi-s  in  the  uriuc  does  not  necessarily  involve  the 
absfuci'   of  clitorinv  from    exudations.     For   the    latter    ; 

Erodiict^  of  dimauH'd  actiua  derived  directly  from   stagni 
lood,  aud  certainly  not  subject  t^)  the  speoitic  laws  of  secre 
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tion.  The  presence  of  chlorine  iu  sputa,  therefore,  at  a  time 
wlien  it  ia  absent  from  tlie  urine,  is  not  sufficient  proof  of  a 
determination  of  the  chloride  towards  the  inflamed  lung ;  a 
proposition  which,  moreover,  loses  all  probability  &om  the 
partial  or  total  disappearance  from  the  urine  of  the  chloride 
in  all  acute  diseases,  We  may  mention  broncliitis,  typhus, 
acute  rheumatism,  pyaemia,  pleuritis,  as  diseases  in  which 
this  diminution  of  the  chlorides  has  been  prominently  ob- 
served. We  have  seen  the  influence  which  different  quanti. 
ties  of  ehJorinc  taken  with  the  food  exert  upon  the  amouut 
of  chlorine  discharged  by  the  urine  during  health.  It  in 
therefore  easy  to  believe  that  the  diet  of  patients  has  the 
greatest  influence  upon  the  amount  of  chlorine  in  patholo- 
gical  urine ;  and  that  the  chlorine  is  diminished  or  absent 
because  these  patients  take  little  or  no  food,  and  what  they 
take  generally  contains  no  salt.  One  important  point, 
however,  must  not  be  lost  sight  of;  namely,  that  urine  con- 
taining no  appreciable  trace  of  chloriue  is  secreted  from 
blood  containing  a  certain  amount  of  it ;  from  which  it 
follows  that  the  composition  of  the  blood  is  ench  as  not  to 
allow  any  further  removal  of  chlorine,  or  that  the  kidneys 
have  lost  their  secretory  activity  as  regards  clilorine,  as  well 
as  (which  has  been  seen  to  be  the  case)  with  reference  to 
water. 

The  analysis  of  the  amount  of  chlorine  in  the  urine  of 
patieuts  may,  therefore,  afford  an  insight  into  the  degree  of 
the  pathological  action  taking  place  in  the  body.  A  con- 
tinuous decrease  of  chlorine  iu  the  urine  is  an  indication  of 
the  growing  severity  of  the  disease,  the  intensity  of  which 
will  be  greatest  when  the  chlorine  in  the  urine  falls  to  a 
minimum,  say  05  grammes,  or  disappears  altogether.  This 
may  be  the  combined  effect  of  an  entire  loss  of  appetite, 
copious  serous  diarrhcea,  or  other  serous  exudations,  of 
secretions  such  as  perspirations,  and  of  the  want  of  secreting 
power  of  the  kidneys.  A  rise  in  the  amount  of  chlorine,  on 
the  other  hand,  indicates  a  steady  abatement  of  the  acutc- 
ness  of  the  disease,  and  is  a  good  measure  of  the  returning 
appetite  and  improved  digestive  powers  of  the  patient. 

In  chronic  diseases  the  excretion  of  chlorine  is,  according  to 
Vogel,  generally  diminished,  correspondingly  with  the  low 
state  of  nutrition  and  moderate  appetite  of  the  patients  of 
that  class.  To  this  rule,  however,  diabetes  insipidus  makes 
an  exception — a  disease,  during  tlie  entire  or  partial  course 
of  which  a  considerable  excess  of  chlorine  is  discharged, 
parallel  to  the  increased  amount  of  other  soUda.  In  a  case 
of  that  description  Vogel  found  the  amount  of  chlorine  dis- 
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('liargcd  by  the  urine  so  much  increased  for  a  period,  that  on 
one  day  it  was  29*0  grammes  in  weight.  The  same  observer 
found  that  dropsical  patients,  when  under  the  influence  of 
diuretics,  discharged  an  increased  amount  of  chlorine^  which 
cndently  had  passed  into  the  tissues  and  cavities  dissolved  in 
the  exudations  and  transudations.  One  of  these  patients 
discharged  33*0  grammes  of  chlorine  (equal  to  55*0  grammes 
of  cliloridc  of  sodium),  28*0  grammes^  and  21  grammes  of 
chlorine,  on  three  successive  days  without  having  taken  any 
more  salt  than  usual  with  his  food.  In  these  and  other 
chronic  cases  the  amount  of  chlorine  in  the  urine  is  a  mea- 
sure of  the  digestive  powers  of  the  patient.  A  quantity  of 
chlorine,  amoimting  to  from  6  to  10  grammes  for  twenty- 
four  hours,  may  lead  us  to  infer  a  good  digestion ;  a  quantity 
of  chlorine,  however,  below  5  grammes  for  the  same  time, 
shows  impaired  nutrition,  provided  that  the  decrease  have 
not  been  preceded  by  a  diet  containing  little  or  no  chlorine, 
or  by  any  of  the  causes  which  have  been  above  enumerated 
as  diminishing  the  amount  of  chlorine  in  the  blood,  such 
as  serous  diarrho^,  exudations,  and  perspirations.  An  increase 
in  the  amount  of  chlorine,  when  not  caused  by  an  excessive 
ingestion  with  the  food,  is  indicative  of  diabetes  insipidus. 
In  dropsical  and  hydrsemic  conditions,  an  increase  of  the 
amount  of  chlorine  is  a  favorable  symptom.  {Vide  Vogel, 
p.  260.) 
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Method  of  determining  the  amownt  of  Sulphuric  Add  in  Urine 
by  Volumetrical  Anabjam. 

This  proceeding  originated  with  Gay-Lnssac,  and  has  for  a 
length  of  time  only  Ikcd  used  for  testing  the  aikalios  of 
commerce  for  their  impurities.'  It  has,  however,  been  adapted 
to  the  analysis  of  the  urine  by  different  chemists  [  the  adapta- 
tion consisting  in  giving  to  tlie  test-fluid  a  sufficicut  degree  of 
dihition  corrcs{ionding  to  the  small  amount  of  sulphuric  acid 
contained  in  urine. 

The  proceeding  coiiaists  in  adding  to  a  measured  quantity 
of  urine  a  solution  of  chloride  of  barium  of  known  strength, 
until  a  precipitate  is  no  longer  produced. 

Preparation  of  test-Jluid. — One  equivalent  of  the  te«t-fluid 
is  to  contain  just  so  much  barium  as  is  required  to  neutralize 
10  roiiligrammea  of  sulphuric  acid.  For  that  purpose  we 
pulverize  crystallized  chloride  of  barium  (of  the  formula 
ClBa+ZHOf  equivalent  Cl=354,  Ba=68-6,  2Aq=18=]22), 
and  expose  it  to  the  air  until  it  no  longer  loses  water.  Of 
this  powder,  305  grammes  are  dissolved  in  so  mucli  water 
that  the  solution  will  amount  to  1  litie.  Of  this  solution 
1  e.c.  will  precipitate  10  milligramraes  of  anliydrous  sidphuric 
acid. 

Neubauer  gives  a  ten  times  more  dilute  solution,  for  the 
purpose  of  finishing  the  analysis  where  great  accuracy  is 
desired.  It  is  made  by  mixing  100  c.c.  of  the  solution 
described  with  900  c.c.  of  water.  Of  this  dilute  solution, 
1  c.c.  is  required  for  precipitating  1  milligramme  of  sulphuric 
acid. 

Application  of  the  test-fluid  to  urine.^Oac  hundred  cubic 
centimetres  of  the  unne  to  be  examined  are  measured  into  a 
balloon,  acidulated  with  20  or  30  drops  of  hydrochloric  or 
nitric  acid,  and  heated  to  the  boiling  point.  The  balloon 
best  suited  for  that  purpose  is  a  riorence  oil  flask.  The 
graduated  solution  of  baryta  is  now  added  to  the  boiling  urine 
in  small  portions ;  and  before  every  fresh  addition  of  solution, 
the  fluid  is  allowed  to  rest,  for  the  subsidence  to  the  bottom 
of  the  precipitate  formed.  Wlien  the  upper  strata  of  the 
fluid  iu  the  flask  Iiave  become  clear,  more  of  the  test-fluid 
may  be  added,  and  so  on,  as  long  as  a  fresh  addition  of  test- 
fluid  produces  a  turbidity  in  the  clear  upper  strata.  But 
when  it  becomes  doubt&l  whether  any  precii^te  is  yet  formed 
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ur  not,  it  becomea  necessary  to  filter  a  small  portion  of  the 
mixture,  and  to  test  it  separately  with  a  drop  of  the  teat-fluid 
in  a  very  small  test-tube.  If  a  precipitate  be  still  produced, 
the  whole  amount  filtered  must  be  poured  back  to  the  total 
quantity  employed  for  the  analysis,  and  a  new  quantity  of 
test-fluid  ninst  be  added,  and  so  on,  until  a  new  filtration 
shows  that  there  is  no  more  sulphuric  acid  in  solution.  We 
have  now  to  ascertain  that  no  excess  of  the  solution  of  baryta 
has  been  added  to  the  mixture ;  this  is  found  by  adding  a 
drop  of  a  solution  of  sulphate  of  potash.  If  neither  solution 
of  cliloride  of  barium,  nor  of  sulphate  of  potash,  produce  any 
precipitate  in  separate  portions  of  the  filtered  liquid,  the 
analysis  is  perfect. 

It  is,  however,  very  difficult  to  arrive  at  this  point,  because 
there  is  no  means  of  preventing  the  addition  of  an  excess  of 
the  solution  of  baryta.  As  soon,  however,  a^  an  excess  has 
been  added,  a  new  experiment  becomes  necessary.  In  con- 
ducting this,  we  liave  the  advantage  of  knowing,  from  the 
first  experiment,  that,  after  the  addition  of,  say  10  c.c,  there 
was  yet  sulphuric  acid  uncombiued  with  baryta,  and  that, 
after  the  addition  of  another  cubic  centimetre,  there 
was  an  excess  of  barium  present.  The  truth  therefore  lies 
between  10  and  11  c.c.  of  test-fluid,  and  the  nrijie  used  con- 
tains from  100  to  110  milligrammes  of  sulphuric  acid.  Such 
a  fact  is  sufficiently  accurate  for  ordinary  medical  puqioses. 
If  we  desire  to  make  the  analysis  quite  correct  by  a  second 
analysis,  we  at  once  add  to  the  100  c.c.  of  acidulated  boiling 
urine  10  c.c.  of  test-tiuid,  and  complete  the  analysis  with  the 
dilute  test-fluid  in  the  manner  described.  For  calculation, 
the  quantities  of  the  two  test-fluids  used  arc  simply  added, 
with  the  caution  of  putting  the  figures  for  the  dilute  Huid  one 
decimal  further  back,  and  taking  it  into  account  as  concen- 
trated. 

Direct  aiialffsia  oj  Sulphuric  Add. 

One  hundred  cubic  centimetres,  or  any  measured  quantity 
of  filtered  urine,  are  acidulated  with  some  hydrochloric  acid, 
and,  by  the  addition  of  chloride  of  barium  in  excess,  the  whole 
amount  of  sulphuric  acid  is  precipitated.  The  precipitate  is 
then  boiled  for  some  miuutcs  in  the  acid  fluid,  filtered,  washed, 
and  exposed  to  a  red  heat,  the  filter  being  incinerated  sepa- 
rately on  the  cover  of  the  platiuum  crucible.  BaO-t-SO^ 
:  SOg=116o  {110-59,  Neubaucr}  :  40  (Will) 

To  prevent  the  formation  of  sulphuret  of  barium  by  the 
reducing  infiueuce  ot  any  animal  matter  which   may  have 
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been  intimately  mised  with  the  precipitate,  it  is  advisalile  to 
add  a  little  eulphuric  acid  to  the  sulphate  in  the  crucible, 
after  it  has  got  cool  i'rom  the  first  heating.  It  is  then 
again  heated  for  a  short  time,  and,  after  cooling,  may  now  be 
weighed. 

Quantity  of  Sulphuric  Acid  discharged  by  Iteallhy  persona 
during  twmty-Jour  hours. 

The  results  of  the  best  observations  are  put  togetb^  in  iJie 
foUoving  table : 


Obwrn. 

Paieu  apoD  vhom  Uie  ubiemliuu  <ru  mide. 

V\n. 

Mod. 

.u.. 

r.,„n,n. 

G;>IBID 

GnnuL 

1  young  gentleroeo,  it  Gieiien 

20W 

2-48S 

204 

319 

373 

100  cedlimclrei  or  length 

O'Ba 

I'l« 

1-35 

Cl«re'     . 

A  young  geutlemin  it  Dorptt.  medium  \ 
of  la  diys                                 .         ; 

l'BJ8 

2-289 

2-973 

{"r^,ss.r}!J-:''srr 

190 

2-48 

321 

22r 

From  these  observations  it  follows  that  the  average  amount 
of  sulphuric  acid  discharged  during  twenty-four  hours,  by 
healthy  young  men,  fluctuates  between  Tfi  and  25  grammes. 
Vogel  and  Gruner  have  made  some  direct  observations  of  the 
quantities  of  sulphuric  acid  secreted  during  every  single  hour 
of  the  day,  and  have  fouud  the  average  of  one  hour  to  be 
0  090  grammes. 

The  average  for  every  single  hour  of  the  forenoon  th^ 
found  0063  grammes,  for  one  hour  of  the  afternoon  0'!08 
grammes,  for  one  hour  of  the  night  0070  grammes.  From 
this  Vogcl  abstracts  the  general  law  that  the  largest  amount 
per  hour  qf  sulphuric  acid  is  discharged  a  few  hours  after  the 
princijMil  meal  oj  the  day.  The  quantity  then  begins  to  decrease, 
and  contimies  so  with  every  hour  up  to  the  principal  meal  of  the 
next  day,  after  which  it  again  rises. 

In  some  individuals  the  discharge  of  sulphuric  acid  is  ef- 
fected more  rapidly  than  in  others,  iu  whom  the  total  average 

■  Oruner,  Gottlieb,  ■  Die  Aoucbeldung  der  Schwehliiiare  ilurcli  den  Hin,' 
OiMMD,  1BS2. 

'  Ctire,  Waldenur.  ' EiperimenU  de  eieretione  »M\  luKuiic^i  per  iirintm, 
Dorpali  LiTonorani,  IH54. 

»  yidi  Vogel,  •  Seraiolic,"  p.  261. 
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for  the  twenty-four  hours  is  spread  more  equally  over  that 
time.  The  former  may  have  an  hourly  average  vai-ying  be- 
tween 0317  grammcB  and  0'016  grammes,  or  lietweeii  0165 
grammes  and  bo  small  a  quantity  that  it  cannot  be  deter- 
mined. 

Phy»iohgical  origin  of  Sulphuric  Acid. 

Though  the  analysis  of  food  has  ehowu  that  a  certain 
amount  of  sulphuric  acid  in  the  form  of  sulphates  is  bciug 
taken  daily,  yet  this  is  not  sufScieot  to  account  for  the  whole 
amount  discharged  by  the  urine.  This  excess  of  sulphuric 
acid  over  the  amount  mgested  an  such,  is  undoubtedly  due  to 
the  oxydation  in  the  body  of  the  sulphur  which,  as  we  know, 
enters  into  the  constitution  of  albuminous  substances.  But 
as  the  greater  part  of  our  albumen  is  taken  in  the  form  of 
meat,  it  is  a  reasonable  supposition  tliat  the  greater  part  of 
the  sulphuric  acid  in  the  urine  of  well-living  people  is  due  to 
the  oxydation  of  the  sulphur  contained  in  the  meat  they  eat. 
In  accordance  with  this  it  has  been  found  that,  under  a  diet 
consisting  principally  of  meat,  the  amount  of  sulphuric  acid 
discharged  in  the  urine  may  be  double  or  three  times  the 
amount  of  the  ordinary  average.  On  the  other  hand,  a  purely 
vegetalilc  diet  has  been  foimd  to  make  the  amount  of  sul- 
phuric acid  sink  considerably  below  the  average  under 
ordinary  mixed  diet.  Lehmann,  while  living  on  ordinary 
mixed  food,  foimd  7'026  grammes  of  sulphuric  acid  in  the 
urine  of  twenty-four  hours.  But  when,  during  twelve  suc- 
cessive days,  he  confined  himself  to  animal  food  exclusively, 
the  sulphuric  acid  rose  to  10'399  grammes  per  day. 
Under  an  exclusively  vegetable  diet  it  fell  to  5-846  grammes 
for  twenty-four  hours.  These  quantities  are  very  high,  and, 
like  the  rest  of  Lehmann's  observations  upon  himself,  do  not 
permit  any  conclusion  as  to  the  average  quantities  of  ordinary 
mortals  with  a  slighter  appetite.  But  in  itself  the  experiment 
is  as  conclusive  as  the  following  ones,  Vogel  examined  the 
urine  of  a  person  whose  ordinary  average  for  twenty-four 
hours  was  202  grammes  of  sulphuric  acid.  That  person  took 
a  large  supper  of  meat  principally,  in  consequence  of  which 
the  discharge  of  sulphuric  acid  by  the  urine  rose  to  050 
grammes  per  hour  between  midnight  and  nine  o'clock  next 
morning ;  the  ordinary  average  per  hour  for  that  time  of  the 
day  having  been  010,  During  the  subsequent  tweuty-fouj 
hours  the  amount  of  sulphuric  acid  rose  to  7'3  grammes, 
being  more  than  three  times  the  ordinary  average  of  202 
grammes.     It  was  observed  by  Vogel  that  the  rise  and  fall  of 
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the  amount  of  Bulphuric  acid  in  the  urine  of  several  other 
perRons  was  mainly  dependent  upon  the  amount  of  aulpliur 
taken  with  their  alliuminous  fooc! ;  and  that  when  farinaceous 
food,  containing  only  a  small  amount  of  gluten,  such  as  bread 
and  butter,  rice,  and  similar  food,  was  taken,  the  amount  of 
sulphuric  acid  in  the  urine  fell.  The  same  observation  was 
made  by  Clare,  in  a  series  of  experiments  which  he  performed 
upon  himself.  During  three  days  he  lived  on  meat  only,  and 
at  the  eud  of  those  three  days  he  had  discharged  the  re- 
spective amounts  of  sulphuric  at.id  as  follows  :  on  the  first 
day,  SOQl  grammes ;  on  the  second  day,  5'130  grammes ;  on 
tile  third  day,  3'868  grammes.  He  then,  during  two  days, 
ate  common  mixed  diet,  and  discharged,  on  the  fourth  day  of 
the  experiment,  3592  grammes ;  and  on  the  fifth,  2  262 
grammes,  of  sidphuric  acid.  The  next  three  days  he  re- 
stricted himself  to  vegetable  diet,  and  discharged,  on  the  sixth 
day  of  the  experiment,  2262  grammes ;  on  the  seventh,  l-3yi 
grammes;  on  the  eighth,  1'022  grammes.  On  the  ninth 
and  tenth  day  he  again  took  his  ordinary  diet,  and  secreted 
1-979  and  3'859  grammes  of  sulphuric  acid  on  each  day  re- 
spectively. 

Table    showing    the   influence   of   diet  upon   the   amount  qf 
Sulphuric    Acid   discharged    in   the   Urine   {from  Clart^t 


experimentg) . 

D»j  .    .    . 
Diet   .    .    . 
SO,  +  HO  . 

iM     3 
Moit  diet. 

2-0W|5-|30[3'868 

i    1      5 
OnlintrT 
Diiied. 

3'592 12-262 

6    1     7    1     B 
VegeUble  excla- 

.ivdy. 
2-262 11  ■3941 1-022 

,1  ,. 

Oriin«7 
1'9791  2-859 

This  table  exhibits  quite  clearly  that  the  influence  of  the 
meat  diet  showed  itself  on  the  second  day  of  the  experiment 
only,  in  which  point  the  observation  differs  from  that  of 
Vogel,  in  which  the  rise  in  the  quantity  of  sulphuric  acid 
took  place  already  during  the  night  and  on  the  morning 
following  the  meat  supper.  However,  this  later  appearance 
of  the  increase  is  compensated  for  by  its  lasting  so  much 
longer,  that  the  urine  of  the  fourth  day,  being  the  first  of  the 
ordinary  mixed  diet,  is  yet  under  the  influence  of  the  meat 
diet  of  the  previous  day,  the  first  day  of  vegetable  diet  is  yet 
under  the  influence  of  the  prerious  day  of  mixed  diet,  and  the 
diminution  of  the  sulphuric  acid  by  the  vegetable  diet  lasts 
yet  over  the  whole  ninth  day,  when  ordinary  diet  was  already 
taken. 
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We  have  now  sketched  the  eircumatniipcs  on  which  the 
amauiit  of  sulphuric  acid  in  the  urine  is  ortliiiiirily  dependent. 
There  may,  however,  be  accidental  eausea  which  increase  tlie 
aulpburic  acid,  and  as  these  must  lie  assigned  the  internal 
use  of  sulphur,  sulphurets,  sulphuric  acid,  and  sulphates. 

The  internal  use  of  sidphur  has  been  iuund  by  Krause'  to 
increase  the  amount  of  sulphuric  acid  in  the  ujiue. 

It  was  observed  hy  Boecker  and  Clare  that  large  doses  of 
red  sulpburet  of  antimony  caused  a  rise  in  the  amount  of 
sulphuric  acid  in  the  urine. 

The  action  of  the  sulphuretted  mineral  waters,  which  is 
generally  ascribed  to  the  formation  of  sulphuric  acid  in  the 
body,  forms  an  interesting  subject  for  inquiry  in  this 
direction. 

As  to  sulphuric  acid,  it  was  obsened  by  Vogel  that  it 
increased,  in  the  urine  of  a  patient  who  had  taken  it  for  the 
cure  of  htemoptoe,  fifom  1-2  to  30  and  328  grammes. 

Gruner  made  some  observations  regarding  the  influence  of 
sulphates,  and  found  that  sulphate  of  soda,  when  taken 
intenially,  caused  a  considerable  increase  in  the  amount  of 
sulphuric  acid  in  the  urine.  In  one  experiment  the  hourly 
quantity  rose  from  0-ai9  grammes  to  0-122,  0-176,  0145,  and 
0220  grammes.  In  another  experiment  the  rise  was  equally 
well  marked,  namely,  from  0041  grammestoOlSS,  0'122,  and 
0'164  gi-ammes.  The  time  required  by  the  organism  to  dis- 
charge the  excess  of  sulphuric  acid  varied  in  different 
experiments. 

The  influeuces  which  different  physiological  conditions  of 
the  body  may  have  upon  the  amount  of  sulphuric  acid  in  the 
urine  it  has  not  yet  been  possible  to  ascertain.  We  do  not 
know  whether  the  organism  requires  a  certain  amount  of 
the  sidphates,  below  which  secretion  cannot  be  carried  on,  or 
whether  sulphates  may  be  retained  and  accumulated  in  the 
economy.  The  inJiuences  of  rest  and  activity,  and  of  the 
ingestion  of  large  quantities  of  water  into  the  stomach,  did 
not  appear  materially  to  affect  the  amount  of  aidphuric.acid 
in  the  urine,  according  to  some  experiments  of  Clare  and 
Gruner.  Vogel,  however,  believes  it  probable  that  such 
inftuencea  exist,  that  the  secretory  activity  for  sulphuric  acid 
is  dependent  upon  certain  individual  and  cosmic  influences; 
a  conclusion  to  which  we  are  led  by  the  fact  tliat  different 
persons  oxydize  and  discharge  (supposing  it  to  be  discharged 
as  soon  as  formed)  the  sulphur  taken  with  their  albuminous 
food  with  different  degrees  of  rapidity,  and  that  the  secretion 

'  Krauie,  A..  'De  transitu  Suirurii  in  Urinim.'  Dorpati,  1SU. 
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of  Bulphates  in  any  form  in  some  is  spread  over  a  longer 
period  of  time  than  in  otliera.  Vogel,  also,  from  observation, 
ia  of  opinion  that  the  prolonged  use  of  sulphates  in  digestive 
doses  is  decidedly  weakeuing,  and  believes  it  probable  that 
this  depressing  action  may  be  due  to  an  accumtdatioii  of  the 
salts  in  the  systera.  When  to  this  it  is  added  that  sulphate 
of  soda  in  larger  doses  is  an  emetic  and  sulphate  of  potash  a 
poison,  the  question  into  the  influence  of  sulphuric  acid  and 
sulphates  in  the  uriue  becomes  one  of  sufficient  importance  to 
fix  the  attention  of  future  inquirers. 

Quantity  of  Sulphuric  Acid  in  diseaae. 

The  observations  hitherto  made  on  this  point  have  not 
yielded  any  very  decided  result.  Vogel  found  sulphuric  acid 
considerably  diminished  in  most  acute  febrile  diseases.  As 
patients  suffering  from  these  diseases  take  little  food,  and 
that  little  mostly  of  a  vegetable  nature,  the  diminution  is 
partly  accounted  for.  The  same  observer  found,  however, 
exceptions  to  his  general  rule,  in  three  patients  affected  with 
violent  pneumonia.  In  these  cases  the  amount  of  sulphuric 
acid  discharged  was  considerably  above  the  normal  average. 
The  first  patient,  who  was  treated  with  large  doses  of  digitalis, 
secreted  the  following  quantities  of  sulphuric  acid  on  nine 
respective  days:  24,  3-1,  2!>,  5-7,  4-3,  18,  II,  l(J,  2-7 
grammes.  Of  the  two  other  cases,  which  took  a  rapidly  fatal 
turn,  the  first  showed  the  amount  of  sulphuric  acid  to  be 
2"9  and  1  4  grammes  on  two  respective  days,  the  other  on  the 
day  of  decease  4'4  grammes.  On  contrasting  these  figures  with 
those  obtained  in  cases  where  the  amount  of  sulphuric  acid 
is  less,  the  difference  becomes  very  striking.  In  a  man  with 
diphtheritis  buccalis  Vogel  found  oidy  05  grammes  of 
Biuphuric  acid  for  the  day.  In  a  patient  with  febrile  catarrh 
it  was  029  and  038  grammes.  A  man  affected  with  pleuritia 
secreted  D'63  grammes.  A  girl  suffering  from  rheumatic  fever 
discharged  0-8  grammes  at  the  height  of  the  disease,  another 
with  erysipelas  of  the  face  O'tS  grammes. 

In  clironic  diseases  Vogel  found  the  amount  of  sulphuric 
Bcid  to  be  variable,  but  mostly  below  the  normal  avenge ; 
L  and  it  remained  so  in  cases  where  the  secretion  of  chlorides 
I  could  be  vastly  increased  by  administering  diuretics,  as  in 
cases  of  dropsy.  An  increase  in  the  amount  of  snlphiuic 
acid  discharged  by  patients  affected  with  rhronic  dispjtse 
could  only  be  obs(rr\'cd  after  the  ingestion  into  the  stomach 
of  sulphuric  acid  and  sulphates,  and  in  diabetic  patients  after 
a  lilwral  meul  of  meat. 
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Thus  a  patieut  labouxiug  under  icterus  secreted  1  4  grammes 
of  sulphuric  acid ;  a  case  of  rheumatifim  of  the  neck  gave 
I'll ;  a  case  of  emphysema  of  the  lungs,  1'2  grammea.  A 
case  of  ameiiorrli<Ba  showed  05 ;  of  fluor  albus,  07;  of 
habitual  hypermenorrhoia,  097  and  1  ■  1  grammes.  A  dropsical 
patient  who,  under  the  influeuce  of  diuretica,  secreted  33 
grammes  of  chlorine  during  twenty-four  hours,  discharged 
only  1  gramme  of  sulphuric  acid  during  the  same  time ;  and  on 
the  day  following,  with  28  grammes  of  chlorine,  only  05 
grammes  of  sulphuric  acid.  A  patient,  who  took  sulphuric  acid 
internally,  secreted  more  than  30  grammes  of  it  during 
twenty-four  hours,  and  a  patient  aSected  with  diabetes  iusi- 
piduB  discharged  5'2  grammes. 

Pathological  uidicaiions. 

If  there  can  be  no  doubt  about  the  origin  of  sulphuric  acid, 
the  determination  of  its  quantity  in  the  urine  must  be  useful 
for  determining  the  amount  of  disintegration  of  albuminous 
matters  in  the  system,  in  cases  where  the  ingestion  of  sulphur 
in  any  form  or  combination  is  very  low  or  altogether  sus- 
pended. The  amount  of  sulphuric  acid  would  then,  perhaps, 
correspond  in  a  certain  degree  with  the  amount  of  urea, 
supposing  their  iuelinatiou  to  pass  the  kidneys  to  be  equally 
great.  But  upon  this  point  there  are  yet  doubts.  Where 
we  find  both  urea  and  sulphuric  acid  in  increased  quantities, 
we  may  be  sure  that  it  is  due  to  the  oxydation  of  a  large 
quantity  of  animal  matter  introduced  into  the  stomach,  to 
animal  or  meat  diet.  A  considerable  diminution  of  the 
quantity  of  sulphuric  acid,  on  the  other  hand,  indicates  that 
the  patient  has  been  taking  little  or  no  animal  food,  little  or 
no  vegetable  food,  or  no  food  at  all.  Of  course,  all  these 
features  may  be  constant  or  accidental.  A  sudden  rise  in 
the  amount  of  sulphuric  acid,  but  of  short  duration,  would, 
under  all  circumstances,  have  to  be  referred  to  the  ingestion 
of  sulphur  in  some  of  its  combinations,  organic  or  inorganic. 

The  relations  of  sulphuric  acid  to  the  processes  of  the 
animal  economy  are  by  no  means  simple.  Introduced  in  an 
organic  combination,  sulphur  becomes  oxydized,  and  in  the 
form  of  the  acid  has  to  join  a  base.  It  would,  of  course, 
deprive  another  base  of  its  acid  by  the  right  of  the  stronger. 
The  neutral  phosphates  are  thus  most  probably  deprived  of 
some  part  of  their  base. 

Sidphuric  acid  or  sulphates  are  not  present  in  the  juices  of 
flesh,  as  was  first  ascertained  by  Berzelius,  and  afterwards 
12 


confirraed  by  Liebig.'  For  the  precipitate  which  baiyta 
caiiBes  in  the  juice  is,  in  many  cases,  entirely  soluble  in 
nitric  acid ;  and  if  a  precipitate  of  sulphate  of  baryta  remain 
undissolved,  its  quantity  is  so  small,  that  it  cannot  be  deter- 
mined by  analysis,  even  from  so  large  a  quantity  of  flesh  aa 
that  of  an  entire  fowl  or  an  entire  fox. 

The  analyses  of  the  quantity  of  sulphuric  acid  in  the  blood 
will  have  to  be  repeated  without  inciueration,  which,  aa  we 
have  seen,  destroys  the  relative  proportions  of  acids  and 
bases  in  the  salts  of  the  alkaUes.  The  production  of  siU- 
phuric  acid  then  being  apparently  confined  to  the  blood,  it 
becomes  a  question  of  high  importance,  whether  the  action 
of  the  kidneys  does  not  in  part  consist  in  the  final  oxydation 
or  that  stage  of  disintegration  of  albuminous  matter,  in  which 
sulphur,  in  the  form  of  sulphuric  acid,  leaves  the  organic 
combination,  joins  a  base,  and  appears  in  the  urine.  This 
inSucnce  of  sulphuric  acid  (the  produce  of  the  oxydation  of 
the  sulphur  in  albuminous  substances)  in  producing  in  part 
the  acid  reaction  of  urine  was  first  pointed  out  by  Liebig.' 

Albumen  contains  I'G  per  cent,  of  sulphur  and  04  percent, 
of  phosphorus.'  Wlute  of  eggs  contains  more  sulphur  than 
albumen  from  blood.*  Casein  contains  084  per  cent,  of  sul- 
phur. We  may  tnist  soon  to  know  all  intermediate  stages 
of  matter  &om  albumen  down  to  urea  and  sulphuric  acid, 
when  the  analysis  of  these  substances  in  the  urine  will  be  of 
still  greater  value  than  even  at  present  we  anticipate. 

1  ■  Chcm.  Itnleri.  abei  du  Pleiich,'  p.  76. 

■  '  Ann.  d.  Cbcm.  imd  Pblrm.,'  1.  p.  181.  el  >eq. 

'  Vide  Gorup-Beunei,  loc.  eit-.  |<.  SI,  el  seq. 

'  LieUg,  loc.  dt.,  p.  21, 
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It  is  well  known  that  phosphorus  w«s  first  obtained  from 
urine  by  Brandt  (1609),  This  substance  occurs  naturally 
only  in  the  form  of  the  tribasic  phosphoric  acid,  and  in  com- 
biuatlon  with  organic  Bubatancea.  In  these  two  forms  it  is 
met  with  in  all  organized  bodies.  It  is  an  invariable  ingre- 
dient of  all  food,  and  enters  largely  into  the  compoaitiou  of 
all  parts  of  the  animal  and  human  body. 

In  the  urine  phosphorus  ocoirs  only  as  the  acid,  and,  in 
combination  with  soda,  lime,  and  magnesia,  forms  a  regnlAr 
constituent  of  that  fluid. 


Pho^harie  Acid.    Compontioa,  Equivalent,  Fbrmuia. 

The  common  or  tribasic  phosphoric  acid  has  the  composi- 
tion PO5  +  3HO.      This  formula  expresses  the  equivalent  of 
1  equiv.  phosphorus     .  P  =31-436 

8  ditto     oxygen  .  O^  =  64000 

3  ditto     hydrogen  .         H^=    3000 


1  equivalent  of  phoaphoric  acid, 


=  98-436 


L 


The  theory  which  assumes  P  to  be  a  double  atom,  and  the 
single  atomic  weight  =  I5718,  uses  Pj  as  the  symbol 
for  the  above  equivalent  of  phosphorus.  This  is  an  expla- 
nation to  the  reader,  should  he  find  himself  embarrassed  by 
the  formulse  of  different  authors. 

Physical  properties. 

Phosphoric  acid  may  be  obtained  in  crystals  forming  qua- 
drangular or  hexagon^  prisms  of  a  transparency  like  glass,  or 
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B8  a  eyrupy  fluid.     When  he&toi  to  320°  P.,  it  bef^ns  to  lose  ( 
water,  and,  at  a  temperature  of  415-4°  F.,  is  transformed  into 
pyrophosphoric  acid,  POj  +  aHO.     When  heated  still  more, 
it  loses    another  et|uivatcnt  of  HO,   and  is  then  metaphos-    ! 
phoric  acid,  PO^  +  HO.     When  esposcd  to  red  heat  iu  aa  I 
open  platinum  capsule,  it  is  volatilized. 

Chemical  properties. 

Phosphoric  acid  ie  easily  soluble  in  water  and  alcohol  or  { 
spirits  of  wine,   and  its  solutions   exhibit   a   strongly   acid 
reaction.     Solutions   of   albumen,    chloride  of    barium    or  | 
caldum,  do  not  cause  any  precipitate  in  solutions  of  phos- 
phoric acid ;  the  solutions  of  caustic  baryta^  atrontia,  or  lime,   , 
when  added  in  excess,  produce  a  white  precipitate. 

With  the  basic  oxydea  phosphoric  acid  has  great  affinity, 
and  forms  with  them  the  phosphates,  which  may  coataui  one, 
two,  or  three  equivalents  of  almost  any  of  the  common  bases, 
instead  of  any  of  the  three  equivalents  of  water.  Thus  we 
may  have  in  the  urine : 

Phoaphalea  of  Alkalies. 

Phosphate  of  soda  with  two  equivalents  of  base  and  one  of  j 
water,  PO^,  2NaO+HO  (alkaline)  may  occur  abnormally  in 
the  alkabne  urine  of  chlorosis. 

Animonio-phoBphate  of  soda,  PO.+NaO+NH^O  +  HO 
+8H0. 

Acid  phosphate  of  soda,  POj+NaO+2H0. 

Phosphates  of  the  Alkalies  and  Earths. 

A mmonio- phosphate  of  magnesia,  POj+SMgO  +  NH^O 
+  12HO. 

Phosphates  of  the  Alkaline  Earths. 

Phosphate  of  lime  (acid),  POj+2CaO  +  HO. 
Phosphate  of  magnesia,  POj  +  SMgO+HO. 

Of  these,  the  phosphates  of  the  alkalies  are  easily  soluble 
in  water ;  the  others  are  scarcely  soluble,  or  altogether  inso- 
luble. They  all  dissolve  in  nitric  or  hydrochloric  acid.  The 
phosphates  of  the  alkaline  earths,  when  newly  precipitated, 
are,  moreover,  soluble  iu  acetic  acid.  The  solution  of  an 
earthy  phosphate  in  an  acid,  when  neutralized  with  an  alkali, 
throws  down  a  precipitate  of  the  original  phosphate,  which  ii 
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iuBolublc  in  an  excess  of  the  alkali.  The  insoluble  phosphates 
arc,  as  a  nile,  soluble  in  an  excess  of  a  solution  of  any  salt 
from  which  they  have  been  precipitated  by  phosphate  of  aodaj' 
this  sohiHim  becomes  very  turbid  by  heating,  attd  clears  again  oh 
cooling.^ 

With  the  common  soluble  phosphates,  nitrate  of  silver 
produces  a  yellow  precipitate  (P0j  +  3AjK)),  which  is  soluble 
in  nitric  acid,  and  in  ammonia.  Acetate  of  lead  produces  a 
white  precipitate  (POj+3PbO),  which  is  soluble  in  nitric 
acid,  but  insoluble  in  acetic  acid  and  in  ammonia.  If 
chlorides  are  present,  the  precipitate  contains  chloride  of  lead 
in  chemical  combination. 

Chloride  of  barium  and  chloride  of  calcium  produce 
white  precipitates  with  the  soluble  phosphates  (PO^+SBaO 
and  POj+3CaO},  each  readily  soluble  in  hydrochloric,  nitric, 
or  acetic  acid. 

When  a  solution  of  phosphate  of  lime  in  acetic  acid  is 
allowed  to  stand  some  time,  the  phosphate  has  a  great  incli- 
nation to  fall  down  from  this  solution  in  a  crystalline  state, 
particularly  when  the  mixture  is  wamied  a  little,  and  when 
the  phosphate  is  prevalent.  Phosphate  of  lime  is  somewhat 
soluble  in  water  containing  carbonic  acid,  and  iu  salts  of 
ammonia,  even  when  free  ammonia  is  present.  From  its 
solution  in  acetic  acid,  or  from  its  solution  in  hydrochloric 
acid  when  mixed  with  acetate  of  soda  (which  is  virtually  a 
solution  in  acetic  acid,  because  hydrochloric  acid,  combining 
with  the  soda,  sets  acetic  acid  free,  which  is  now  the  solvent 
for  the  phosphate  of  lime),  oxalate  of  ammonia  throws  down 
the  whole  amount  of  lime  as  oxalate  of  lime.  From  its 
solution  in  hydrochloric  or  nitric  acid,  the  entire  amount  of 
lime  may  be  precipitated  by  means  of  sulphuric  acid  and 
alcohol.  These  reactions  arc  the  bases  for  the  quantitative 
analysis  of  lime  in  ashes  and  the  earth  of  bones. 

A  mixture  of  sulphate  of  magnesia,  or  chloride  of  magne- 
sium, with  chloride  of  ammonium  and  ammonia,  produces  a 
crystalline  precipitate  in  soluble  phosphates,  which  baa  the 
composition  POs+2MgO,  NH4O+ 12HO,  is  easily  soluble  in 
all  acids,  somewhat  soluble  in  pure  water,  and  perfectly  in- 
soluble iu  water  containing  ammonia,  even  if  a  large  amount 
of  any  salt  of  ammonia  should  be  present.  This  precipitate, 
after  exposure  to  red  heat,  is  of  the  composition  PO,  +  2MgO, 
and  is  the  quahtative  and  quantitative  test  for  phosphoric 
acid  (in  absence  of  arsenic  acid]  in  all  combinations,  which 
are   soluble  in  water,  the  watery  solution  of  which   does. 
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however,  not  become  turbid  by  adnuxturc  of  a  solution  of^ 
chloride  of  anunonium  and  ammonia.  In  very  dilute  solu- 
tions the  precipitate  forms  only  slowly.  ^Tien  the  solution 
contains  tartaric  acid  and  oxyde  of  iron,  some  tartrate  of 
magnesia  and  osyde  of  iron  may  easily  be  mixed  with  the 
precipitate. 

CUoridc  of  iron  produces  in  solutions  of  phoaphatea  a 
yellowish- white  preeipitate  of  POj+FejO^,  which  is  soluble 
in  hydrochloric  acid,  in  an  excess  of  chloride  of  iron,  in 
acetate  of  iron,  and  in  ammonia.  This  prei-ipitate  is,  however, 
quite  insoluble  in  acetic  add,  and  will,  for  this  reason,  form 
even  when  its  solution  in  hydrochloric  acid  is  mixed  with 
acetate  of  soda,  as  already  explained,  or  when  the  solution  in 
hydrochloric  acid  of  the  phosphate  of  an  alkaline  earth  is 
mixed  with  a  small  quantity  of  chloride  of  iron,  and  with 
acetate  of  soda.  If  the  solution  of  any  phosphate  in  hydro- 
chloric acid,  after  any  excess  of  the  acid  has  been  nentrtuized 
by  a  little  ammonia  or  carbonate  of  soda,  is  mixed  first  with 
acetate  of  soda,  and  then  with  chloride  of  iron  in  slight 
excess  (which  may  be  recognised  by  the  fluid  assuming  a 
reddish  colour),  and  is  then  heated  to  ebullition,  a  reddish- 
brown  precipitate  is  obtained,  which  contains  the  whole 
amount  of  oxyde  of  iron  and  all  the  phosphoric  acid  present. 
It  is  filtered  hot,  and  the  precipitate  and  filter  are  washed 
with  hot  water.  This  test  forms  the  basis  of  the  Tolumetricai 
analysis  of  phosphoric  acid  by  Professor  Liebig,  and  of  the 
method  for  removing  all  phosphoric  acid  and  iron  from  solu- 
tions in  which  the  quantity  of  lime  and  magnesia  and  isomor- 
phous  oxydes  has  yet  to  be  determined. 

On  mixing  a  solution  of  the  nitrate  of  protoxyde  of  mercury 
with  a  solution  of  phosphate  of  soda,  a  white  flocculent  pre- 
cipitate of  phosphate  of  protoxyde  of  mercury  is  immediately 
produced,  which  on  being  allowed  to  stand  in  the  floid, 
rapidly  becomes  crystalline.  A  solution  of  corrosive  subli- 
mate, however,  may  be  mixed  with  the  alkaline  phosphate 
without  any  turbidity  being  produced.  If  to  a  mixture  of 
the  two  first- mentioned  salts  we  add  a  solution  of  chloride  of 
sodium  before  the  precipitate  has  had  time  to  become  crys- 
talline, the  latter  will  immediately  decompose  with  the 
chloride  of  sodium,  corrosive  sublimate  and  phosphate  of 
soda  being  produced :  the  precipitate  disappears,  and  the  fluid 
becoraes  perfectly  clear. 

This  test  is  the  basis  of  Professor  Liebig's  method  for  aacer- 
tuiniug  the  amount  of  protoxyde  of  mercury  contained  in  a 
Nolution  of  its  nitrate.   (Vide  p.  59  et  seg.) 
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Method  of  tmcrrtaming  the  untmint  of  Phosphoric  Acid  in 
the  Urine. 

I  have  already  described  the  teat  upon  which  this  method, 
also  by  Professor  Liebig,  is  ba^ed.  By  adding  to  the  urine, 
containing  an  unknown  aniount  of  phosphoric  acid,  some 
acetate  of  soda,  and  then  a  nearly  neutral  solution  of  chloride 
of  iron  of  known  strength,  until  the  entire  amount  of  phos- 
phoric acid  is  precipitated,  and  a  trace  of  the  solution  of 
chloride  of  iron  can  be  discovered  to  have  been  added  in  ex- 
cess, we  ascertain  from  the  amount  of  irou  in  the  test-fluid 
the  amount  of  phosphoric  acid  precipitated  in  the  form  of 
PO5  +  FjO^.  The  excess  of  chloride  of  iron  remainiug  in 
solution  causes  the  latter  to  ^ve  a  blue  precipitate  when 
mised  with  some  ferrocyauide  of  potassium.  Before  this  teat 
could  be  applied,  a  filtration  of  the  fluid  from  the  precipitate 
would  be  required.  But  this  is  avoided  by  the  following 
simple  manipulation :  a  piece  of  bibulous  paper  is  saturated 
with  a  solution  of  ferrocyauide  of  potassium,  and  spread  over 
a  white  china  plate,  or  a  glass  disc  lying  on  a  piece  of  white 
p^>er.  A  drop  of  the  solution  to  be  tested  is  now  allowed  to 
fell  on  a  second  slip  of  dry  bibulous  paper,  spread  over  the 
one  saturated  with  the  ferrocyanide.  The  solution  thus  fil- 
tered mixes  with  the  ferrocyanide  of  potassium  in  the  moist- 
ened paper,  and,  when  it  contains  an  excess  of  chloride  of 
iron,  causes  a  blue  spot  to  appear  on  the  paper. 

In  the  performance  of  this  analysis  there  is,  however,  one 
caution  to  be  obser\ed;  namely,  to  take  the  first  blue  test 
obtained  as  the  mark  of  the  completion  of  the  analysis.  For 
if  any  excess  of  chloride  of  iron  is  present  in  the  fluid  only 
for  a  very  short  time,  the  precipitate  POj+Fe^O^  takes  up 
more  iron,  and  the  blue  spot  ia  now  no  longer  obtained  witlt 
the  fluid.  A  few  drops  of  the  chloride  of  iron  added  to  the 
fluid  will  immediately  allow  it  to  reappear.  Thus  an  excess 
of  the  teat-fluid  might  be  added,  which  would  unduly  increase 
the  apparent  amount  of  phosphoric  acid.  This  error  is  avoided 
by  the  observance  of  the  above  caution. 


Preparation  of  the  solution  of  Iron  of  knoirn  .'trftu/ih. 

15-556  grammes  of  pure  iron  (piano-forte  stiiiij;]  are  dit- 
solved  in  as  much  hydrochloric  acid  as  necci-siiry.  After 
addition  of  a  little  nitric  acid,  the  solution  is  evaporated  to 
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Quantity  of  Phosphoric  Acid  discharged  by  healthy  per  ions 

during  twenty-four  hours. 
The  results  of  numerous  examinations  arc  arranged  in 
the  following  table,  which  gives,  after  the  name  of  the 
observer,  the  average  quantities  of  acid  fomtd  in  single 
individuals  and  the  average  of  all  examinations  of  each 
observer  at  the  end. 

T<^le  showing  the  amount  of  POj  in  Urine  of  twenty-four 
hours. 
Breed,' average  of  four  individuals  .  5-180  grammes  to  3'765 
Winter,' first  individual,  37;  second,  4'2;  third,  5SJ 

grammes     ......       average  4*36 

Mosler,*  first  series,  2'4;  second  series,  37  in  the  same 

individual  ......       average  3'05 

Neubauer,  first  individual,  3'1 ;  second,  16     average  2'35 

Aubcrt,* 2-8 

Average  amount  of  POj  discharged  by  an  adult  male   

in  twenty-four  hours  .....  3'66 

Ditto  in  one  hour       .......  0"15 

According  to  the  observations  of  Winter,  100  kilogrammes 
of  man  discharge  on  an  average  027  gr.  and  100  centimetres 
O'l  gramme  of  phosphoric  acid. 

Tlie  maximum  and  minimum  amount  of  phosphoric  acid 
discharged  by  single  individuals  during  twenty-four  hours 
is  subject  to  considerable  variations,  as  exhibited  by  the 
following  observations : 


Neubauer  found  in  one  individual  daily  21G  gr.         r21  gr. 

„        found  in  second  individual  .     4.'88  gr.         244  gr. 

Mosler,  ditto 4-86  gr.         2-40  gr. 

The  fluctuations  in  the  hourly  average  are  still  greater,  go 
that  Vogel  found  by  a  series  of  experiments  the  maximum 
to  be  0-210,  while  the  minimum  of  the  same  subject  only 
amounted  to  0085  grammes.  Both  extremes  happened  on 
one  and  the  same  day,  the  whole  inquiry  extending  over 
ten  days. 

■  ■  Ann.  (1.  Client,  and  Plismi..'  Bd.  76,  p.  liO. 
*  Winter.  A.,  '  Beilriig«  lur  Kcnntniu  Art  Urinibwtidcrung  bei  GHunden,' 

Ciexen.  isaz. 
'  Mraler,  P.,  ibid.,  1S&3. 

■  Henla  and  PAufcr,  'ZeitKhrift  ftir  ralioncllc  Moiliiin,'  \%k2.  ii,  3, 
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Application  to  the  urine.  Total  amount  of  PO^. — No  pre- 
paration of  the  urine  is  required  except  filtering.  The  quan- 
tity to  be  taken  for  the  test  is  50  c.c.  After  addition  of  the 
10  c.c.  of  the  solution  of  acetate  of  soda,  the  graduated  solu- 
tion IB  added  until  the  test  is  obtained  as  described  above. 
The  quantity  of  the  standard  solution  of  iron  used  for  the 
test  iudicates  the  amount  of  phosphoric  acid  contained  in 
the  50  c.c.  of  urine.  1  c.c.  =  10  milligrammes  of  phosphoric 
add. 

In  case  the  uriue  should  be  turbid  from  alkalinity,  the 
earthy  phosphates  thereby  precipitated  must  he  re-dissolved 
by  a  few  drops  of  hydrochloric  acid.  If  a  larger  amount  of 
the  latter  acid  has  been  required  for  effecting  solution,  the 
amount  of  solution  of  acetate  of  soda  to  be  added  must  be 
increased  accordingly. 

POj  of  alkalies  and  earths  separately. — If,  on  the  contrary, 
we  are  desirous  of  determining  the  separate  amounts  of 
phosphoric  acid  combined  with  alkalies  and  earths  respee- 
tivcly,  it  becomes  necessary  to  separate  the  earthy  phosphates 
from  tlie  urine  to  be  analysed.  This  is  best  done  by  adding 
to  the  50  c.c.  required  for  analysis  some  ammonia,  until  an 
alkaline  reaction  is  observed,  when  all  the  earthy  phosphates 
will  be  precipitated.  The  urine  is  now  filtered,  the  precipi- 
tate, is  washed,  and  the  washings  are  added  to  the  filtered 
liquid,  which  latter,  after  neutralization  with  acetic  acid,  is 
treated  with  the  solution  of  acetate  of  soda  and  chloride  of 
iron,  as  described  above.  The  number  of  cubic  centimetres 
of  the  latter  used  indicate  the  amount  of  phosphoric  acid 
wliich  was  in  combination  with  the  alkalies.  If  the  total 
amount  of  phosphoric  arid  in  50  c.c.  of  urine  is  known,  and 
of  that  in  combination  with  the  alkalies,  the  difference  gives 
the  amoiuit  of  phosphoric  acid  which  was  precipitated  with 
the  earthy  phospliates. 

If  the  amount  of  phosphoric  add  in  uriue  be  small,  the 
above  method  is  liable  to  give  rise  to  an  error  amounting,  in 
the  hands  even  of  a  good  operator,  to  10  per  cent.,  according 
to  Neuhauer.  This  error,  according  to  Vogel,  may  amount 
to  20  or  30  per  cent.,  if  a  less  conscientious  operator  assumes 
blue  spots  of  different  intensities  as  the  completion  of  his 
analyses,  or  if  he  allows  some  time  to  elapse  before  trying  for 
the  blue  spot. 
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ceming  sulphuric  acid.  The  introduction  into  the  bod}r  of 
phosphorus,  either  in  the  form  of  the  acid,  or  of  phos- 
pbates,  or  in  combination  with  albuminous  substances,  gives 
rise  to  an  incrcaae  of  the  acid  in  the  urine. 

Total  abstinence  from  food,  or  from  food  containing 
phosphorus,  on  the  other  hand,  diminishes  the  amount  of 
phosphoric  acid  in  the  urine.  Total  abstinence  will,  how- 
ever, not  cause  the  entire  disappearance  from  tlie  urine 
of  phosphates,  as  has  been  observed  with  regard  to 
chloride  of  sodium.  This  is,  perhaps,  partly  due  to  the 
continued  oxidation  of  albuminous  substances,  Of  these 
positions  proof  is  afforded  in  the  following  facts.  Aubert 
observed  the  imne  of  a  person  to  contain  2-8  grammes  per 
day  under  ordinary  circumstances.  This  person  took  31 
grammes  of  phosphate  of  soda,  whereupon  the  amount  of 
phosphoric  acid  in  the  urine  rose  to  41  grammes  for  twenty- 
four  hours.  When  abstaining  from  food,  Mosler  found 
Ehosphoric  acid  to  sink  to  half  the  ordinary  quantity ;  when 
e  took  large  meals  of  albuminous  substances,  the  amount  of 
the  acid  became  doubled  in  consequence. 

But  the  excretion  of  phosphoric  acid  is  not  exclusively 
dependent  upon  the  quantities  introduced.  A  series  of  ob- 
servations demonstrate  that  the  same  influences  which  govern 
the  excretion  of  chlorine  and  sulphuric  acid,  are  active  in 
the  excretion  of  phosphoric  acid.  Different  degrees  or 
morbid  changes  of  the  secretory  activity  of  the  kidneys, 
actual  disease  of  the  kidneys,  changes  in  the  mode  of  disin- 
tegration of  matter  in  the  organism,  must  be  looked  to  aa 
causes  of  the  variation  of  the  amount  of  phosphoric  acid. 
The  varying  influence  of  individual  structure  or  individual 
disposition  has  been  illustrated  by  Vogel's  table.  This 
observer  states,  moreover,  that  the  drinking  of  large  quanti* 
ties  of  water  causes  an  increase  in  the  amount  of  phosphoric 
acid  beyond  the  quantity  introduced  with  the  water,  which 
can  only  he  explained  by  an  increased  production  in  the 
body  of  phosphoric  acid,  by  changes  which  make  an  in- 
creased amount  of  phosphates  available  for  excretion,  and  by 
a  stimulated  activity  of  the  kidneys.  The  organism  may  at 
one  time  contain  an  excess  of  phosphoric  acid,  at  other  times 
the  acid  may  be  deficient.  It  will,  however,  be  difficult 
fiilly  to  establish  these  points,  until  the  normal  amoimt  of 
phosphoric  acid  contain^  in  all  parts  of  the  body  and  its 
changes  and  variations  within  the  range  of  perfect  health  be 
known.  And  then  the  examinations  will  have  to  comprise  ft  I 
complete  anslyais  of  ail  food,  and  of  all  excretions. 
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We  cannot  do  better  than  draw  the  reader's  atteotioQ  to 
the  chapter  on  the  inorganic  conBtituents  of  the  juices  of 
fleah,  p.  75  of  Professor  Liehig's  '  Researches  on  Flesh ' 
(respective  meat).  The  remarkable  facts  there  revealed 
throw  much  light  on  the  physiology  of  phosphoric  acid  and 
its  salts,  on  its  relation  to  other  component  parts  of  the  body, 
to  other  salts,  to  food,  digestion,  assimilation,  to  the  forma- 
tion of  blood,  its  fimction,  and  depuration.  These  experi- 
ments, to  use  the  words  of  the  author,  "  however  incom- 
plete they  may  be,  may  serve  as  starting-points  for  future 
reaearchcs." 
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Quimtity  of  Phosphoric  Acid  in  the  Urine  of  disease. 

The  results  regarding  this  point  obtained  by  Professor 
Vogel  from  more  than  a  thousand  examinations  are,  in  the 
following  senteuccB,  given  without  any  comment. 

In  acute  but  not  very  severe  diseases,  the  amount  of  phos- 
phoric acid  in  the  mine  decreases  at  first  most  probably  in 
consequence  of  the  low  diet,  and  afterwards  rises  ag^n  with 
a  more  liberal  allowance  of  food.  During  convalescence 
the  normal  amount  is  sometimes  exceeded,  in  consequence  of 
an  increased  quantity  of  food. 

If  the  illness,  though  combined  with  violent  fever,  only 
lasts  a  short  time,  the  decrease  of  the  amount  of  phosphoric 
acid  is  sometimes  very  slight  and  scarcely  perceptible. 

Examples.  Males. — 1.  A  young  man,  affected  by  severe 
febrile  angina  tonsillaris,  discharged  38  grammes  of  phos- 
phoric acid  on  the  day  of  his  reception  into  the  hospital. 
He  hatl  an  emetic  given  to  him,  which  caused  violeut  vomit- 
ing. This  was  followed  by  low  diet.  On  the  second  day 
the  amount  of  phosphoric  acid  had  fallen  to  1*7  grammes. 
He  now  improved,  and  had  quarter  diet,  The  two  following 
days  showed  26  and  2o  grammes  of  phosphoric  acid  re- 
spectively. He  now  was  placed  upon  hidf  diet ;  and  on  the 
following  day,  the  POj  rose  to  3'2  grammes.  He  recovered 
and  was  discharged. 

2.  Pneumonia,  not  very  severe.  The  patient  was  dis- 
charged after  eight  days.  The  daily  amounts  of  POj  were 
2-4,  2-5,  2-9,  3-4,  and  S'S  grammes. 

3.  Pneumonia,   more   severe.      During   the  acme   of  the 
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disease  the  daily  amoimts  of  phospUoric  acid  wpre  1-7,  OS,  2*1, 
1-2,  0-9,  2  1,  ID,  11  grammes. 

4.  Pncumoiiia,  similarly  severe,  16,  li,  22,  2'3,  I'G 
grammes. 

5.  Febrile  bronchial  catarrh,  1-4.  1'5,  1-7,  IS,  2-8 
grammes. 

6.  Convalescence  from  severe  pneumuiiia,  3-8,  27,  8'2, 
8-5  grammes  ;  39,  1'8,  25,  &c, 

7.  Similar  case,  1-9,  5-6,  2-8,  1-5,  3-2,  28  grammes. 

8.  Convalescence  from  severe  bronchial  catarrh,  4*8 
grammes. 

9.  Catarrh  of  the  organs  of  digestion,  with  ccaema  and 
violent  lever.  The  case  took  a  rapid  course,  so  that  the 
patient  was  dismissed  cured  after  eight  days.  The  amount 
of  POs  was  2-3,  26,  2-7,  2-6,  3-4  grammes. 

Females. — 1.  Rheumatic  fever,  2*1,  2'3,  2'2  grammee. 

2.  Catarrh  of  the  stomach,  I'l,  I'S  grammes. 

3.  Catarrhal  fever,  acme  of  the  disease,  1-6  grammes. 

4.  Convalescence  from  typhus,  5'2  grammes. 


When  the  diseases  are  of  a  more  severe  nature,  so  as  to 
cause  a  long  abstinence  from  food,  or  to  take  a  fatal  turn, 
the  decrease  of  phosphoric  acid  in  the  nrine  becomes  much 
more  considerable. 

Thus  a  girl  with  severe  febrile  catarrh  of  the  lungs  dis- 
charged, during  the  acme  of  the  disease,  07,  05  grammes  of 
phosphoric  acid;  during  convalescence  it  rose  to  1'3  and 
2'5  grammes. 

Fatal  end  of  acute  tuberculosis  of  lungs,  0*4, 0*4,  0*3,  0*8, 
0"2,  0-1,  0'08  grammes  (day  of  decease). 

Gangrene  of  the  lungs,  fatal  issue,  80,  2-6,  2-20,  0-7 
grammes. 

In  some  exceptional  cases  the  amount  of  phosphoric  acid 
discharged  during  the  height  of  acute  diseases,  may  consi- 
derably exceed  the  amount  discharged  during  health. 

A  man  of  middle  age  suffered  of  pneumonia,  and  was 
treated  with  large  doses  of  digitalis,  cured  and  discharged, 
4-3,  51,  41,  8-4,  7-9,  45,  3-9,  50  grammes. 

In  ehrouie  diseases  the  excretion  of  phosphoric  acid  takes 
a  very  irregular  course,  and  though  remaining  mostly  below 
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the  normal  average^  may  sometimes  considerably  exceed  it. 
This  is  shown  by  the  following  cases  : 


i 

Nnmber  of 

Disease. 

days 
observed. 

Ifiwimiini. 

Medium. 

Mazimnm. 

Malbs. 

1  Emphysema  of  lungs 

0-6 

1-3 

2-3 

i  Chronic  hronchorrhcea 

8 

1-3 

2-7 

4-7 

Cancer  of  the  liver  .... 

11 

16 

2-2 

2-6 

!  Subacute  rheumatism  of  joints  . 

18 

1-7 

2-4 

31 

Hemiplegia,  consequent  on  apoplexy . 

35 

10 

2-7 

5*2 

Hydruria 

3 

4-4 

5-0 

5-8 

,  Dropsv,  under  influence  of  diuretics 

chlorides  very  much  increased 

2 

— 

1-8 

— 

Femalks. 

Diabetes  insipidus    .... 

14 

3-2 

4-8 

7-8 

Ascites    . 

15 

1-7 

30 

4-7 

Chronic  rheumatism 

7 

2-7 

3-3 

4-2 

Spinal  irritation 

— 

21 

2-4 

2-8 

Amenorrhcea    . 

— 

21 

2-2 

2-3 

Scrophulosis    . 

— 

2-6 

3-5 

5-2 

Tuberculosis  of  lungs 

10 

1-5 

— 

3-9 

Chronic  erysipelas  of  face . 

11 

1-5 

^■■M* 

3-6     1 

CHAPTEE  XI, 
TREE    ACIB    OF    THE     URINE. 


The  nature  of  the  acid  which  imparts  an  acid  reaction  to 
urine  is  not  exactly  known,  thongb  it  is  commouly  admitted 
to  be  most  probably  phosphoric  acid  in  the  form  of  an  acid 
phosphate.  Now,  as  it  is  desirable  to  know  exactly  the 
amount  of  free  aeid  discharged  in  a  given  time,  several 
obBervera  have  deemed  it  useful  and  convenient  to  analyse 
the  amount  of  free  acid  by  finding  the  equivalent  of  oxalic 
acid,  and  to  express  it  as  such. 

Mode  of  determining  tite  amount  of  Free  Acid  in  the  Urine. 

The  analysis  is  simply  performed  by  a  standard  solution  of 
caustic  soda,  graduated  so  that  a  given  volume  corresponds 
to  a  certain  amount  of  oxalic  acid.  With  this  a  known  bulk 
of  urine  is  exactly  neutralized,  and  from  the  amount  of 
standard  solution  used  we  find,  by  calculation,  the  amount  of 
oxalic  acid  which  would  be  equivalent  to  the  amount  of  un- 
known acid  actually  contained  in  the  urine. 

Preparation  of  the  standard  solution  of  Caustic  Soda  according 
to  Neubauer. 

This  solution  is  to  be  graduated  so  that  every  cubic  centi- 
metre indicates  exactly  10  milligrammes  of  oxalic  acid.  For 
this  purpose  we  require  a  solution  of  oxalic  add  of  known 
Birength,  which  is  shortly  prepared  by  dissolving  one  gramme 
of  diy  oxalic  acid  in  so  much  water  that  the  solution  exactly 
amounts  to  100  c.c.  Every  lO^O  c.c.  of  this  solution  contain 
I'O  gramme  of  oxalic  aeid.  This  quantity  is  now  measured 
off,  put  into  a  small  beaker,  and  coloured  red  with  several 
drops  of  tincture  of  litmus.  After  being  placed  upon  a  piece 
of  white  paper,  the  dilute  solution  of  caustic  soda  is  cautiously 


added  until  tht-  red  colour  has  been  cfaanged  into  the  original 
litmus  blue.  Suppose  we  htive  used  for  efi'ecting  this  6  c.c. 
of  the  sulutinu  of  caustic  eoda,  then  they  would  correspond  to 
I  decigraniuje  of  oxalic  acid.  We  now  add  to  every  60(>0  c.c. 
of  the  solution  of  soda  -WOO  c,c.  of  water,  and  thus  obtain 
1 0000  c.c.  oF  standard  solution,  of  which  10  c.c.  exactly 
neutralizes  10  milligrammes  of  oxalic  acid.  If,  after  the 
addition  of  100  c.c.  of  this  solution  to  lO'Oc.c,  of  the  solution 
of  oxalic  acid  reddened  by  litmus,  the  blue  colour  appears, 
the  solution  is  correct  and  ready  for  use. 

The  fluid  applied  to  the  urine. — To  50  or  100  c.c.  of  quite 
fresh  urine  the  standard  solution  of  soda  is  added  in  small 
portions,  say  \  c.c.  at  a  time,  and  after  every  new  addition 
the  fluid  is  tested  by  the  aid  of  litmus  paper,  as  the  yellow 
colour  of  the  fluid  would  not  allow  the  tincture  of  litmus 
to  show  the  transition  firom  re<l  to  blue,  and  therefore  ex- 
cludes its  iise  in  the  manner  described  for  the  preparation  of 
the  test-fluid.  The  testing  with  litmus  paper  is  best  effected 
by  placing  a  drop  of  the  mixture  upon  neutral  blue  litmus 
paper.  If,  after  a  time,  the  spot  covered  by  the  drop  does 
not  become  red  any  longer,  the  analysis  is  completed.  To 
make  sure,  we  may  now  test  for  an  excess  of  alkali,  and  if 
the  latter  be  found,  a  fresh  aualysis,  guided  by  the  experience 
of  the  first  one,  will  lead  to  the  exact  point  of  neutrality. 


Quantily  of  Free  Add  discharged  in  a  given  lime  bij  hi'iillhy 
inditiduaU. 

As  the  result  of  numerous  analyses  Vogel  designate*  2  to  4 
grammes  of  oxalic  acid  as  the  equivalent  of  the  amount  of 
free  acid  discharged  by  a  healthy  man  during  twenty-four 
hours.  This  amounts  to'oiO  to  0-20  grammes  per  Imur.  The 
hourly  quantities,  however,  were  subject  to  considerable  varia- 
tions, dependent  upon  the  time  of  the  day,  and  these  variations 
were  quite  parallel  in  four  ilifferent  individiiali*  examined  at 
one  and  the  same  time.  The  maximum  amount  of  acid  per 
hour  was  discharged  during  the  night,  the  minimum  during 
the  forenoon,  and  a  quantity  intermediate  between  those  of 
night  and  morning  was  secreted  in  the  hours  of  the  afternoon. 
Thus  the  frequent  examination  of  the  urine  of  one  indiiidual 
yielded  019  for  the  night,  013  for  the  forenoon,  and  0'15 
{frammes  of  (oxalic)  acid  for  the  afternoon. 

The  amount  of  free  acid  in  the  urine  is  diminislied  by  tlie 
ingestion  iuto  the  system  of  caustic  alkali,  or  of  carbonates  or 
•ubal^u»s  caoaUe  of   bans    traiuforme«l  into  carbouattMi. 


194  FREE    ACID. 

All  these  substances  have  already  been  enumerated  in  tlie 
chapter  on  the  chemical  reaction  of  the  urine. 

The  ingestion  into  the  system  of  mineral  acids  increases  the 
amoimt  of  free  acid  in  the  urine.  As  some  organic  acids^ 
when  taken  in  large  doscs^  pass  tlirough  the  organism 
unchanged^  as  has  been  ascertained  by  Wbhler,  and  con- 
firmed by  Buchlicim^  they  must  also  increase  the  amount  of 
free  acid  in  the  urine. 

A  young  niau^  labouring  under  haemoptoe,  was  treated  by 
Vogcl  with  large  doses  of  the  sulphuric  and  hydrochloric 
acids.  The  daily  amount  of  free  acid  in  the  urine  was  (the 
average  of  six  days)  4'  !■  grammes,  and  on  one  day  the  quantity 
rose  to  75  grammes. 

All  the  causes  \thich  wc  have  seen  to  determine  the  amount 
of  phosphoric  and  sulphuric  acid  in  the  urine  are,  of  course, 
active  in  determining  the  quantity  of  free  acid. 

Quantity  of  Free  Acid  in  diseases. 

In  chronic  and  acute  diseases  Vogel  found  the  amount  of 
free  acid  mostly  diminished,  increased  only  in  exceptional 
cases.     The  following  are  his  results : 

In  males:  In  a  case  of  pneumonia  the  free  acid  rose 
steadily  from  0  to  1*50.     Average  of  eight  days,  05  grammes. 

Another  case  of  pneumonia,  tenuinating  fatally,  showed 
fluctuations  between  0*9  and  S'O.  Average  of  four  days,  1*9 
grammes. 

In  a  j)atient  labouring  under  gastric  fever,  the  amoimt  of 
free  acid  fluctuated  between  0*6  and  16.  Average  of  four 
days,  1*1  grammes. 

A  case  of  acute  rheumatism  gave  0*7  and  1*0  grammes  for 
several  days. 

In  a  case  of  chronic  bronchial  catarrh,  the  amount  of  free 
acid  fluctuated  during  eleven  days  between  0  and  0*8.  Average, 
0*5  grammqs. 

In  females:  Girl  with  strumous  glands,  1*6  to  2*4. 
Average  of  four  days,  2*0  grammes. 

A  woman,  80  years  of  age,  sufibring  fi^m  spinal  irritation, 

0  to  0*8.     Average  of  five  days,  0*4  grammes. 

A  woman,  70  years  of  age,  with  ascites,  the  consequence  of 
disease  of  the  liver,  0  to  3*1.     Average  of  eighteen  days, 

1  41  graninirs. 


CHAPTER  XII. 
POTASH    AND     SODA. 


SvmbolB :  KO,  NaO. 

Equivalents;    K     .    39-115         Na    .    22-973 
O     .      8-000         O      .      8000 

KO  =  47-115         NaO  =  30-973 

Tliere  is  only  a  very  amall  quantity  of  potash  preBout  in 
the  iirine,  by  far  the  greater  part  of  the  acids  being  in  com- 
hiuatian  with  soda  and  the  alkaline  earths.  The  value  which 
au  accurate  knowledge  of  the  quautities  of  potash  and  soda 
would  have,  Ls  evident  from  their  relations  to  difl'erent  parts 
of  the  animal  economy ;  the  ealta  of  potash  almost  exclusively 
predominating  in  the  muscles,  and  occurring  in  the  blood 
only  in  very  small  quantities,  while  the  salts  with  soda  as 
their  base  prevail  in  the  blood,  and,  it  may  be  well  assumed, 
form  no  part  of  the  solids  of  the  juices  of  Uie  flesh.' 

Mode  of  determining  the  t/uantity  ^  Potash  and  Soda  in  the 
Urine. 

The  rationale  of  this  analysis^  is  to  remove  sulphuric  and 
phosphoric  acid  and  organic  matters,  to  transform  the  alkalies 
entirely  into  cldorides,  and  then  to  separate  them  by  making 
one  of  them  insoluble. 

Of  a  solution  of  one  part  of  acetate  of  baryta  in  20  parts  of 
water  made  strongly  alkaline  by  means  of  ammonia,  one 
volume,  say  20  c.e.,  is  minted  with  two  volumes,  40  c.c.,  of 
urine.     After  the  precipitate  has  bepfun  to  settle,  it  is  sepa- 
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rated  from  the  fluid  by  filtration.  Of  the  alkaline  filtrate, 
which  contains  an  excess  of  baryta,  45  c.c,  corresponding  to 
30  c.c.  of  urine,  arc  evaporated  on  the  water-bath  in  a  pla- 
tinum dish,  dried,  and  exposed  to  red  heat  until  the  carbon 
is  entirely  burned.  Water  is  now  added  to  the  ashes  until 
the  soluble  part  is  entirely  dissolved.  After  the  addition  of 
some  ammonia,  carbonate  of  ammonia  is  added,  to  precijjitate 
all  baryta  in  the  form  of  carbonate.  The  fluid  is  now  separated 
from  the  insoluble  parts  and  precipitate  by  filtration,  and 
the  filter  is  washed  carefully.  The  filtered  fluids  arc  then 
acidulated  by  means  of  hydrochloric  acid,  evaporated  in  a 
platinum  capsule  of  kno\ni  weight,  exposed  to  a  gentle  red 
neat,  and  weighed.  The  alkalies,  the  weight  of  which  in  the 
form  of  chlorides  has  thus  been  ascertained,  are  dissolved  in 
a  little  water ;  chloride  of  platinum  is  then  added  in  great 
excess,  the  mixture  is  evaporated  nearly  to  dryness  on  the 
water-bath,  and  digested  for  several  hours  with  spirits  of  wine 
of  80  per  cent.  When  the  supernatant  strata  of  the  mixture 
indicate  by  a  deep-yellow  colour  that  a  sufficient  amount  of 
chloride  of  platinum  is  present,  and  when  after  frequent 
stirring  of  the  mixture  all  chloride  of  sodium  and  platinum  is 
probably  dissolved,  the  solution  is  filtered  from  the  chloride 
of  potassium  and  platinum,  and  the  precipitate  and  filter  are 
well  washed  with  spirits  of  wine,  dried  and  weighed.  The 
weight,  less  the  weight  of  the  filter,  is  chloride  of  potassium 
and  platinum ;  100  parts  of  the  latter  correspond  to  3()'51  parts 
of  chloride  of  potassium.  By  subtracting  the  amount  of  the 
latter  from  the  amount  of  the  united  chlorides,  the  rest  gives 
the  amount  of  chloride  of  sodium.  The  amount  of  chloride 
of  potassium  found,  gives,  by  multiplication  with  0G317,  the 
corrcsj>onding  amount  of  potash ;  and  the  amount  of  chloride 
of  sodium  found,  multiplied  by  Oo302,  gives  the  correspond- 
ing amount  of  soda. 

Physiological  relations  of  Potash  and  Soda. 

The  facts  adduced  by  Professor  Liebig  are  of  so  remarkable 
a  nature,  that  to  follow  them  out  ])roiui$cs  to  be  a  source  of 
progress  in  practical  medicine.  The  analysis  of  the  urine 
will  always  be  the  principal  means  for  ascertaining  the  pm- 
portions  of  these  alkalies  to  each  other,  and  to  the  other 
ingredients  of  the  juices  of  the  bo<ly.  The  problem  is  there- 
fore a  physiological  one;  and  the  analysis  above  detailed 
should  not  be  considered  as  a  mere  exercise  in  the  laboratory. 

Many  animals  take  with  their  food  no  phosphate  of  soda/ a 
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salt  iudispensable  to  tbc  Integrity  of  the  blood  and  body. 
But  they  take  plioaphate  of  potash,  and  a  salt  of  soda,  chlo- 
ride of  sodium.  In  these  animals,  however,  we  find  in  the 
blood  phoBpliate  of  soda,  and  in  the  muscles  chloride  of 
potassium  ;  neither  of  which  salts  they  have  taken  tvith  their 
food.  From  this  fact,  and  from  other  experiments  in  the 
laboratory,  the  conclusion  is  inevitable,  that  phosphate  of 
potash,  when  mixed  with  chloride  of  sodium,  gives  a  part  of 
its  potassium  off  to  some  chlorine,  which  in  its  turn  parts 
with  some  sodium.  The  latter  combining  with  the  oxygen 
liberated  trom  the  potassium,  joins  the  phosphoric  acid,  phos- 
phate of  soda  being  formed. 

The  relations  of  the  salts  of  potash  to  the  muscles  are  not 
as  yet  understood.  But  the  same  physiological  law  which 
confines  phosphate  of  soda  to  the  blood,  and  makes  it  indis- 
pensable there,  is,  no  doubt,  active  in  confining  the  salts  of 
potash  to  the  muscles.  To  bring  about  an  uiidcrstandiug  of 
these  relations  is  a  problem  of  experimental  physiology. 


CHAFfER  XIII. 


LIME  AND  MAGNESIA. 


Sjrmbols  :  CaO  and  MgO. 

Lime  and  magnesia  occur  in  the  urine  in  combination 
with  phosphoric  acid^  as  acid  phospliatcs  in  solution.  They 
are  met  with  as  deposits  in  alkaline  urine^  and  as  concretions 
in  urinary  calculi^  of  which  they  most  frequently  constitute 
the  crust. 

Formulse:  P05+2CaO  +  HO    1  .        ,  ^. 

P0,+2Mg0  +  H0l^^«^*^^*>^°- 

Equivalent  of  phosphate  of  lime :      .     PO5     =    71 '436 

2CaO=    56000 
HO     =      9000 

130-436 

Equivalent  of  phosphate  of  magnesia :  PO^     =    71*436 

2MgO=    41-302 
HO      =      9000 

121-738 

Some  authors  calculate  the  formula  for  phosphate  of  lime 
and  magnesia  so  that  the  three  equivalents  of  water  of  phos- 
phoric acid  are  replaced  by  three  equivalents  of  the  earths, 
PO5 + 3CaO,  and  PO.^  +  3M gO.  Those  formida  are  transferred 
from  the  formulaB  of  bone-earth,  obtained  by  incineration  of 
the  bones.  But  as  incineration  of  j)hospliatcs  in  the  presence 
of  carbon  always  causes  a  loss  of  phosphoric  acid,  these 
analyses  caimot  be  depended  upon  as  regards  the  compo- 
sition of  the  phosphates.  Moreover,  the  composition  of  the 
triple  phosj)hate  (of  magnesia)  militates  against  the  basic 
formula.  The  precipitates,  however,  obtained  from  urine  by 
the  addition  of  caustic  fixed  alkalies,  both  show  the  com- 
position of  three  of  oxydc  to  one  of  acid,  the  magnesia  salt 
retaining  five  equivalents  of  water  after  drying  at  the  heat  of 
boiliug  water. 
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Aggregation. — As  generally  met  with,  both  phosphates  of 
lime  and  magnesia  are  amorphous.  But  thcj  btg  obtained 
crystalline,  the  one  from  certain  solutions,  the  other  in  com- 
hinatioQ  with  a  third  equivalent  of  base  and  water  of  crystal- 
lization. 

Wlien  a  solution  of  phosphate  of  lime  in  acetic  acid  is 
allowed  to  stand  some  time,  the  phosphate  has  a  p-eat  incli- 
nation to  fall  down  from  tliis  solution  in  a  crystalline  state, 
particidarly  when  the  mixture  is  wanned  a  little,  and  when 
the  phosphate  is  prevalent. 

Separation  of  Phosphate  of  Liine  and  Magnesia  from  Urine, 
and  determination  of  l/ieir  collective  amount. 

This  is  simply  eH'ected  by  adding  to  urine  some  ammonia, 
until  a  strong  alkaline  reaction  is  observed.  The  earthy 
phosphates  thus  precipitated  may  be  collected  on  a  filter, 
washed,  exposed  to  red  heat,  and  weighed.  Or,  after  collec- 
tion on  the  filter,  they  may  \ie  redissolvcd  in  acetic  acid,  and 
in  this  solution  the  amount  of  phosphoric  acid,  found  by  the 
analysis  described  above,  may,  by  the  equivalents  known, 
indicate  the  amount  of  earths  iu  combination.  Or,  if  the 
phosphates  of  the  alkalies  are  to  be  determined  also,  the 
analysis  described  at  p.  185  may  be  used,  by  which,  in  the 
first  instance,  the  entire  amoimt  of  phosphoric  acid  contained 
in  the  urine,  and  then  of  phosphoric  acid  in  combination 
with  the  alkalies,  is  determined,  the  difference  corresponding 
to  the  amount  of  phosphoric  acid  in  combination  with  the 
earths. 


Modes  of  ascertaining  the  separate  quantities  of  Lime  and 
Magnesia  in  Urine. 

AU  the  following  methods  are  preceded  by  the  separation 
from  urine  of  both  earths  by  means  of  ammonia,  and  by  the 
solutiou  of  the  washed  precipitate  in  acetic  acid.  From  the 
latter  solution  the  lime  is  always  obtained  as  the  oxalate. 
From  this  point  the  analyses  be^iu  to  vary. 


Determination  of  the  Lime  as  Sulphate. 

The  oxalate  of  lime  obtained  by  addition  of  oxalate  of 
ammonia  to  the  solution  in  acetic  acid  of  the  precipitate, 
which  a  measured  quantity  of  urine  vielded  after  addition  of 
ommouia,  ia  exposed  to  a  strong  red  heat  in  a  platinum  cap- 
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sule.  To  the  lime  thus  transformed  into  carbonate,  partly 
into  caustic  lime,  some  sulphuric  acid  is  added,  with  prcat 
care,  in  small  portions,  ])y  means  of  an  elastic  pipette,  until 
an  acid  reaction  is  observed.  After  drying,  and  a  second 
exposure  to  re<l  heat,  tlie  lime  is  obtaiiud  in  the  form  of 
sulphate,  which,  by  multiplication  with  O'illH,  gives  the 
amount  of  lime  contained  in  the  sulphate. 

Determination  of  the  Magnesia  as  Pyrophosphate. 

The  filtered  fliud  obtained  from  tlie  oxalate  of  lime  in  the 
course  of  the  foregoing  analysis,  is  treated  with  ammonia 
until  alkaline,  whereby  the  magnesia  is  precipitated  in  the 
form  of  P05+2MgOVNII/)-f  l^Aq,  triple  phosiihate,  or 
amnion io-phosphate  of  magnesia.  As  the  crystals  settle 
easily  to  the  Iwttom  of  the  vessel,  this  salt  may  be  washed 
by  de(*antation  of  repeated  quantities  of  water,  containing 
some  ammonia,  added  to  it.  It  is  then  collected  in  the 
platinum  capsule,  and  exposed  to  red  heat.  If  collected  on 
a  filter,  the  latter,  after  removal  of  the  greater  bulk  of  the 
crystals  into  the  platinum  capsule,  has  to  be  burned  sepa- 
rately by  Bunsen's  process,  described  in  the  introduction. 
Precipitate  and  filter,  when  united,  arc  then  exiK)sed  to  red 
and  white  heat.  The  ti'iple  phosphate,  by  losing  all  its 
water  and  ammonia,  is  thus  transformed  into  pyrophosphate 
of  magnesia,  of  the  composition  P()r,-r2MgO.     The  amount 

K)'(KK) 
of  the   latter,  multiplied   by  =  0-3592    (111 '300 

equivalent  of  pyrophosphate  of  magnesia,  containing   10*000 

11  ^Oi 
of  magnesia) — more  accurately  .rTr-^ir^  =  0*3087,  gives  the 

amount  of  magnesia. 

HtnnpeVs  ituithod  of  determining  the  Lime  as  Oxalate,  by  means 

of  Permanganate  of  Potash, 

Fn)m  the  solution  of  the  mixed  earths  in  acetic  acid  the 
lime  is  ])recipitated  by  oxalate  of  anmionia,  eollectt^d  on  a 
filter,  and,  after  washhig,  is  dissolved  in  a  few  di-ops  of  hydro- 
chloric acid.  To  this  solution,  after  warming  it  a  little,  a 
graduated  solution  of  permanganate  of  potash  is  added,  so 
long  as  discoloration  continues  to  take  place.  From  the 
amount  of  solution  of  permanganate  of  ix)tash  used,  the 
amount  of  oxalic  acid  is  found,  and  from  this  the  amount  of 
lime  originally  combined  with  phosphoric  acid. 


LIME    AKD     UAONESIA  ?0I 

Preparation  of  the  solution  of  pervtangnnate  of  potash. — 
Ab  the  Bolution  of  permanganate  of  jiotash  cannot  be  kept  as 
such  for  any  Ieng;th  of  time  without  undergoing  changes,  its 
graduation  has  to  be  checked  before  each  analysis.  For  this 
purpose,  and  for  the  original  graduation,  a  solution  of  osalic 
acid  in  water  is  used,  which  in  every  cubic  centimetre  contains 
10  milligrammes  of  oxalic  acid.  The  solution  of  perman- 
ganate of  potash  is  tlien  graduated  so  that  I'O  c.c.  will 
exactly  suffice  to  oxydize  10  milligrammes  of  oxalic  acid,  and 
to  make  the  signal  of  the  completed  oxydation  by  the  ap- 
jjcarancc  of  the  veA  colour, 

The  solution  of  oxalic  acid  is  simply  made  by  dissolving 
one  gramme  of  the  acid,  dried  at  212°  F.,  in  100  c.c.  of  water. 
Of  this  solution  10  c.c.  are  taken  by  means  of  a  pipette, 
and  transferred  to  a  beaker.  We  now  add,  from  a  burette,  of 
the  solution  of  permanganate  of  potash  which  is  to  be  gradu- 
ated, as  much  bjs  necessary  to  produce  the  lasting  red  test. 
Supposing  that  85  c.c.  have  been  used  for  that  purpose,  we 
then  add  to  every  830  c.c.  of  the  solution,  170  c.c.  of  water, 
whereby  we  obtain  1000  c.c.  of  solution,  of  which  10  c.c.  will 
exactly  suffice  for  oxydizing  Ut  c.c.  of  the  solution  of  oxalic 
acid,  containing  100  milligrammes  of  the  acid. 

It  is,  however,  leas  troublesome  to  merely  determine  the 
quantity  of  solution  of  permanganate  of  potash  required  for 
oxydjzing  a  knonTi  amount  of  oxalic  acid,  without  adjusting 
its  hulk  to  that  of  the  solution  of  the  acid. 

If,  therefore,  the  above  solution  he  taken  as  it  is,  without 
adding  the  1 70  c.c.  of  water,  then  its  value  would  be  expressed 
by  8'3  c.c.  =  100  milligrammes  of  oxalic  acid.  The  calcula- 
tion after  the  use  for  real  experiment  would  therefore  bo 
8'3  c.c.  of  standard  solution  :  100  milligrammes  of  oxalic  acid 
=  »  c.c.  standard  solution  :  x  milligrammes  of  oxalic  add. 

This  analysis  has  been  combined  by  Professor  Vogel  with 
the  vohimetrical  analysis  of  phosphoric  acid,  so  that  by  two 
analyses  the  quantities  of  phosphoric  acid  and  both  earths  are 
determined.  He  for  that  purpose  takes  the  precipitates  from 
two  equal  quantities  of  urine,  and  determines  in  the  one  th( 
entire  amount  of  phosphoric  acid,  in  the  other  the  amount  ol 
lime  as  just  described.  Prom  the  total  amount  of  phos- 
phoric acid  the  equivalent  for  lime  is  now  deducted  j  the  rest 
of  the  acid  indicates  the  amount  of  magnesia  with  which  it 
was  combined. 

The  operator  mnst  take  rare  to  use  a  Gay-Lussac's 
burette  for  the  solution  of  perranngiin.-itc  of  potash,  aa  this 
fluid  is  decomposed  by  the  India  rubber  of  Mohr"*  burette. 
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Determination  of  the  Lime  by  a  graduated  solution  of 

Hydrochloric  Acid. 

We  give  this  metliod  after  Neubaucr,  who  obtained  accu- 
rate results  by  it.  The  oxalate  of  lime  obtained  as  above 
is  transformed  into  carbonate  by  the  aid  of  heat^  and  dissolved 
in  hydrochloric  acid  of  known  strcnjjth.  The  amount  of  acid 
not  neutralized  is  then  ascertained  by  a  graduated  solution  of 
soda. 

Preparation  of  the  standard  solution  of  hydrochloric  acid. — 
One  cubic  centimetre  of  this  aeid  is  exactly  to  neutralize  10 
milligrammes  of  lime,  or  CaO.  One  litre  of  the  acid  would 
therefore  have  to  correspond  to  10  grammes  of  CaO  or  18'03 
grammes  of  carbonate  of  soda.  A  small  quantity,  say  about 
one  gramme,  of  carlx)nate  of  soda,  after  having  been  made 
red  hot  and  allowed  to  cool  again^  is  weighed  and  dissolved 
in  water.  Some  tincture  of  litmus  is  now  added  to  colour 
the  solution  fairly  blue.  It  is  then  made  boiling  hot,  and  the 
dilute  hydrochloric  acid  is  added  from  a  burette,  until  the 
blue  colour  of  the  solution  has  given  way  to  a  light-red 
colour,  resembling  the  red  of  onion-peel.  It  is  well  to  keep 
the  fluid  at  the  boiling  point  during  the  addition  of  the  aeid^ 
in  order  to  remove  all  carbonic  acid  as  quickly  as  possible^ 
which  latter,  by  giving  the  fluid  a  colour  of  red  wine,  would 
not  permit  of  the  transition  of  the  blue  colour  into  red  being 
accurately  perceived.  Suj)p()se  we  have  found  that  one  litre 
of  the  dilute  hydrochloric  acid  ein])loyed  corresponds  to  41*6 
grammes  of  carbonate  of  soda,  then  18*9  grammes  of  the  latter 
will  exactly  require  457*0  c.c.  of  the  acid  for  saturation. 

We  take  therefore    .     457*0  c.c.  of  the  acid, 
and  mix  them  with  .     5  13*0  c.c.  of  water, 


whereby  we  obtain    .  10(K)0c.c.  of  standard  solution, 

of  which  1*0  c.c.  corresponds  to  00189  grammes  of  carbonate 
of  s(Kla  (NaO,  CO,.),  or  OOIO  grammes  of  CaO.  The 
correctness  of  the  solution  is  to  be  checked  bv  several  ex- 
perimcnts. 

Prrparation  of  the  solution  of  soda  to  correspond  to  the 
former  solution, — Of  this  soluticm  10  c.c.  must  exactly  neu- 
tralize 10  c.c.  of  the  sohition  of  hydrochloric  acid,  so  that 
after  the  addition  of  the  last  drop  of  the  10  c.c.  of  the  solu- 
tion of  soda  to  the  acid,  the  red  colour  of  the  latter  (by 
litmus)  is  changing  to  blue.  To  observe  the  colour  accu- 
rately, it  is  well  to  take  care  that  the  solution  of  soda  be  free 
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fimn  carbonic  acid.  To  10  c.c.  of  the  standard  eolution  of 
hydrochloric  acid,  coloured  red  by  meaus  of  tiuctiire  of  litmtw, 
wc  add  tlie  dilute  solution  of  »oda,  which  ia  to  be  graduated, 
ftniiu  a  burette,  uutil  the  red  colour  has  changed  to  blue. 
Suppose  wc  have  used,  for  100  c.c.  of  the  staudard  solution 
of  hydrochloric  acid,  80  c.c.  of  the  solution  of  soda,  then  wc 
add  to 

8000  e.c.  of  solution  of  soda, 

2000  c.c.  of  water, 

aud  thus  we  obtain  10000  c.e.  of  solution  of  soda, 

of  which  lO'O  c.c.  must  exactly  neutralize  lO'O  c,c.  of  the 
atandard  solution  of  hydrochloric  acid. 

The  fiuiiU  applied. — The  oxalate  of  lime,  obtained  from  a 
known  quantity  of  urine,  say  KKI  c.c,  in  the  manner  de- 
Bcrilied,  isexjKwed  to  red  heat,  and  transformed  into  car Ikiu ate 
of  lime  and  quicklime.  It  is  then  transferred  into  a  balloon 
with  the  aid  of  some  water ;  10  c.c.  of  the  standard  acid 
solution  are  then  added,  and  the  solution  thus  obtained  is 
heateii  until  all  carlwnic  acid  has  been  driven  away.  The 
sioluliou  is  then  coloured  red  by  means  of  litmus.  The 
standard  solution  of  soda  is  now  added  until  the  red  colour 
has  changed  to  blue.  The  number  of  cubic  centimetres  of 
the  solution  of  ainla  subtracted  from  the  100  c.c.  of  staudnni 
aeid  leaves  the  nuinlier  of  cubic  centimetres  neutralized  by 
the  time,  each  cubic  centimetre  corresponding  to  10  milli- 
grammes of  lime.  By  multiplying  by  10  the  number  of 
cubic  centimetres  of  standard  acid  neutralized  by  lime,  we 
obtain  the  per  centage  of  lime  contained  in  the  urine  when 
100  cc.  of  it  have  been  taken  for  analysis. 


Determinaiion  of  Magnesia  by  mearu  of  volumetrical  aiiali/sis 
of  it*  Phosphoric  Acid. 

For  this  purpose  the  magnesia  is  isolated  in  the  form  of 
triple  phosphate,  and  dissolved  in  acetic  acid.  In  this  solu- 
tion tlic  phosphiiric  acid  is  now  determined  by  means  of  the 
graduated  solution  of  chloride  of  iron.  This  method  docs  not 
girc  very  accurate  results. 


Deposit*  of  Earth}/  Phosphate*. 

As  a  rule,  deposits  of  earthy  phosjihat*')!  can  exist  oidy  iti 
urine  cierlin;;  no  alkalitic  reaciinn   iifion  tint-jinjier.     The 
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presentation  of  an  aeid  reaction  by  urine,  therefore,  excludes  the 
posRil)ility  of  the  occurrence  of  these  dei)osits.  There  is  only  one 
(questionable)  case  in  wliich  a  deposit  of  an  earthy  phosphate  is 
compatible  Avith  an  acid  reaction  of  the  urine ;  namely,  when 
urine  containing  little  or  no  free  acid  exerts  an  acid  reaction 
from  the  presence  of  chloride  of  ammonium.  In  this  case  a 
deposit  of  phosphate  of  magnesia  may  perhaps  exist ;  for  this 
salt  is  little  or  not  soluble  in  chloride  of  ammonium.  But 
phosphate  of  lime  is  so  soluble  in  the  latter  salt,  that  it  could 
not  exist  as  a  deposit  so  long  as  any  acidity  of  the  chloride  of 
ammonium  is  not  neutralized. 

The  observations  which  are  said  to  have  been  made  of  urine 
having  an  acid  reaction,  and  yet  containing  a  permanent  deposit 
of  phosphates,^  if  they  cannot  be  explainecl  in  the  way  just 
detailed,  must  be  considered  as  fallacious.  They  are  contrary 
to  the  commonest  law  of  chemistry.  1  have  made  some  ob- 
servations, which  may  serve  to  explain  the  manner  in  which 
such  statements  have  come  to  be  called  obser>'ations.  Clear 
acid  urine  was  allowed  to  stand  for  three  hours,  when  a 
pellicle  of  phosphates  was  olwerved  on  the  surface.  Blue 
te^t-paper,  immersed  an  inch  deep  into  the  fluid,  on  being 
withdrawn  had  become  red.  Another  piece  of  the  blue  test- 
paper  was  now  laid  flat  upon  the  surface  of  the  fluid,  when 
no  reaction  took  place.  The  upper  stratum  of  the  urine  had 
evidentlv  become  alkaline  under  the  influence  of  the  air, 
while  the  lower  strata  had  retained  their  acidit}^ 

Urine  mav  be  acid  for  a  short  time  and  vet  contain  a 
deposit  of  phosphates ;  or  it  may  contain  a  deposit  of  phos- 
phates for  a  short  time,  and  yet  remain  acid,  under  the  follow- 
ing circumstances.  If  to  acid  urine  in  the  bladder  a  secre- 
tion of  alkaline  urine  be  superadded,  and  the  person  remain 
very  quiet,  the  lower  strata  of  the  urine  in  the  bladder  may 
be  alkaline  and  contain  a  deposit,  while  the  upper  remain 
acid.  Ofcourse  this  may  vary  according  to  the  different  densi- 
ties of  the  two  secretions.  My  explanation  is  based  upon  a 
case  in  which  urine  was  discharged  acid,  and  yet  thick  from 
the  presence  of  phosphates.  But  the  upper  strata  of  the 
urine  soon  became  quite  clear,  and  a  little  cloud  at  the 
bottom  of  the  vessel  dissolved  on  agitation. 

We  have  already  seen  that  an  alkaline  reaction  of  the  urine 
may  be  due  to  various  causes,  and  have  distinguished  between 
alkaline  reaction  from  fixed  alkalies,  derived  from  the  blood, 
and  that  which  is  due  to  the  presence  of  ammonia  from  de- 
composition of  urea.     The  dci)osits  of  earths  taking  place 

[•  Dr.  G.  Binl.  '  Urin.  Ucp.,"  p.  2G0,  §  261. 
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umlei-  the  neutralizing  influence  of  both  alkalies  are  identical 
as  re^^ards  pliospliate  of  lime,  difiercnt  as  regurds  phos))hate 
of  magnesia.  For  tlie  latter  is  deposited  by  fixed  alkali,  as 
POj  +  3MgO  +  5H0,  while  in  the  presence  of  ammonia  it 
takes  up  one  equivalent  of  this  base  and  water  of  crystal- 
lization, and  appears  as  POj  +  2MgO  +  NH4O  +  IKAq. 
A  deposit  containing  this  latter  salt  is  therefore  due  to  the 
presence  of  ammonia  from  decomposed  urea.  If  the  acid, 
by  means  of  which  phosphate  of  lime  is  kept  in  solution  in 
the  urine,  be  a  volatile  one,  namely,  carbonic  acid,  as  was  ob- 
served in  one  case,  which  will  be  quoted  in  another  page, 
the  spontaneous  or  intentional  evaporation  of  the  acid  may 
cause  a  deposit  of  lime  to  appear. 


Deposits  of  Phosphate  of  Lime. 

Physical  characters. — Deposits  of  phosphate  of  lime,  as 
usually  occurring  in  the  urine  and  mixed  with  magnesia,  are 
always  white,  amorphous,  under  the  microaeope  appearing  in 
granules,  sometimes  of  a  greenish  tinge,  wMch  exert  a  re- 
fracting aetiou  upon  light.  Crystallized  deposits  of  this 
substance  have  not  been  observed;  but  it  is  more  than 
doubtful  whether  it  does  not  enter  into  the  chemical  compo- 
sition, or  ia  an  admixture  of  some  crystalline  sediments. 

Crystallization. — Phosphate  of  lime  may  be  obtained  in  a 
crystalline  state  from  its  solution  in  acetic  acid.  When  this 
solution  is  allowed  to  stand  some  time,  tlie  phosphate  has  a 
great  inclination  to  fall  down  from  this  solution  in  a 
crystalline  state,  particularly  when  the  mixture  is  warmed 
a  little,  and  when  the  phosphate  is  prevalent.  By  precipi- 
tation of  phosphate  of  soda  with  cliloride  of  calcium,  an 
amorphous  gelatinous  deposit  of  phosphate  of  lime  is  ob- 
tained. This  after  standing  some  days  becomes  transparent, 
like  solution  of  gum.  When  a  sunbeam  is  now  allowed  to 
fall  on  the  precipitate,  myriads  of  glistening  crystalline 
points  may  be  observed  disseminated  through  the  amorphous 
part  of  the  deposit,  tinder  the  microscope  these  crystals 
appear  as  delicate,  thin,  clino-rhombic  plates,  very  much  like 
the  crystals  of  oxalate  of  urea.' 

Chemical  diat/iiosis  of  deposits  of  phosphate  of  lime. — The 
occurrence  iu  neutral  or  alkaline  urine  only  is  the  first 
point  to   be  observed.     The  deposit  is  insoluble  iu  water. 
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soluble  in  weak  Bcid»,  such  as  acetic  acid^  and  is  again 
precipitated  from  the  acid  solution  in  its  original  form  by 
ammonia.  From  the  acetic  acid  solution  oxalate  of  ammo- 
nia throws  down  oxalate  of  lime.  This  latter  test  distin- 
guishes it  from  the  phosphate  of  magnesia^  with  which  it  is 
always  mixed.  Pliosphate  of  lime  alone  does  not  easily  fuse 
before  the  flame  of  the  blowiripc. 

When  diffused  in  urine,  the  deposit  appears  like  a  dense 
cloud  of  mucus^  from  which  it  is  not  easily  distinguished, 
because  it  is  mostly  mixed  with  it,  and  resembles  it  in  colour. 
When  it  appears  in  urine  on  the  application  of  heat^  its 
resolution  on  cooling,  or  by  the  addition  of  an  acid^  distin- 
guishes it  from  albumen. 


Deposits  of  Aminonio-phosphate  of  Magnesia. 

Physical  characters, — Deposits  of  this  substance  always 
occur  in  well  defined  crystals  in  ammoniacal  urine.  No 
substance  commonly  occurring  in  tlie  urine,  and  being  inso- 
luble in  water^  presents  tlie  same  glistening  glass-like  api)ear- 
ance. 

Fomi  of  crystallization, —  The  triple  phosphate  crystallizes 
in  the  rhombic  svstcm.  The  form  most  commonly  met  with 
is  the  vertical  prism,  combined  witli  tcnninal  planes  derived 
from  macro-  and  bracliy-diagonal  horiz.ontal  prisms.  Some 
of  these  forms^  resemble  hippuric  acid  very  much.  But 
there  is  this  crystallographical  distinction  between  them, 
that  on  crystals  of  hippuric  acid  wc  fi'cquontly  observe 
planes  derived  from  the  rhombic  octahedron,  which  in  triple 
phosphate  arc  scarcely  ever  met  with.  See  plate  III, 
fig.  2. 

Not  rarely  these  crystals  have  a  tendoncv  to  cross  each 
other  at  regular  angles.  This  is  best  seen  in  crj^stals  ob- 
tained from  blood.  The  latter  scne  to  explain  other  forms 
observed  in  the  urine,  namely,  the  Stella?,^  which  are  not 
merely  acicular  prisms  cohering  at  one  end,  but  prisms  crossed 
at  regular  and  symmetrical  intervals.  They  very  much  re- 
semble crj'stals  of  snow.  These  latter,  however,  being  prisms 
of  the  hexagonal  or  rhombohedral  system,  cross  at  equal 
angles  (of  one  sixth  of  the  circle  each),  since  the  triple  phos- 
phate crystals  cross  at  angles  of  which  only  four  are  equal, 
the  other  two  being  equal  to  each  other. 

I    Vide  Schmidt,  loc.  cit.,  p.  48. 
>   Vide  Dr.  G.  Bird,  p.  275,  fig.  46. 
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The  stellar  and  foUaceous  cryatals  are  not  all  formed  by 
crossing  only,  some  being  appositions  of  groups  of  crystals 
in  the  prolongationa  of  the  a\es  of  a  central  crystal.  Ill  this 
way  the  most  fanciful  forms  are  obtuined. 

The  crystals  of  triple  phosphate,  polarize  light,  and  then 
appear  tinted  with  prismatic  colours.  When  seen  in  a  sun- 
beam reflected  through  the  polarizing  microscope,  they  appear 
the  finest  objects  for  studying  the  phenomena  of  polariza- 
tion. 

Chemical  properties. — When  kept  in  water  the  triple  phos- 
phate disintegrates,  the  surface  of  the  crystals  becomes  cor- 
roded, and  at  last  there  is  nothing  left  but  amorphous 
phosphate  of  magnesia.  This  corrosion  is  prevented  by  the 
presence  of  free  ammonia,  which  makes  them  quite  insoluble 
in  water,  and  is  therefore  eligible  as  a  preserving  fluid  for 
microscopical  specimens.  When  the  transparent  crystals  are 
exposed  to  a  boiling  heat,  they  lose  water  of  crystallization 
and  become  opaque.  They  are  ea-sily  soluble  in  acetic  acid, 
and  from  this  solution  may  be  obtained  again  by  excess  of 
ammonia. 

When  heated  witli  a  solution  of  potash,  the  triple  phos- 
phate is  decomposed,  the  potash  combining  with  the  phos- 
■  phoric  acid  and  setting  free  the  ammonia  and  tlie  magnesia. 
The  former  volatilizes,  and  may  he  detected  bv  the  smell, 
while  the  magnesia  is  precipitated,'  (PO^ -f  2MgO + 
NH«0  ^  I2H0)  +  2K0  =  (PO,  +  2K0  +  HO)  +  NH^ 
+  2MgO-t-12HO. 

Earthy  Phosphates  in  Calntli. 

Not  quite  10  per  cent,  of  all  calculi'  have  a  nucleus  of 
mixed  phosphates.  But  these  substances  enter  into  the  com- 
position of  about  31  per  cent,  of  all  calculi,  forming  cither 
their  body,  one  or  more  layers,  or  the  crust.  This  shows 
that  the  presence  of  de[)osits  of  mixed  phosphates  in  the 
urine  scarcely  ever  gives  rise  to  the  formation  of  calculus, 
but  that  the  presence  in  the  bladder  of  other  calculi  fre- 
quently causes  a  deposit  of  phosphates  to  be  formed  around 
them,  in  which  respect  every  calculus  is  aothiug  else  than  a 
foreign  body. 


'  Bowman,  '  Med.  Cliem..'  }  390. 

■  THent;-lwa  out  of  233  in  Guy's  HoipiMl  Uuieum.  Dr.  Golding  Bird 
gitei  Xle  number  of  cilciili  preaened  there  u  374,  nhicb  ii  incliuWe  of  112 
cilculi  tikcn  froin  one  individii*!.  Far  cilculiting  the  compiritiTe  frequency  of 
calcnli.  luch  a  mode  of  reckoning  is  unBidltible.  We  Ihererore  like  (he  142  m 
l.and  Ihenne  lwv«  374  —  141  =  233. 
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Prout  found  the  proportion  of  plioepliate  of  lime  calculi  to 
the  whole  Qomlier  contained  in  varioue  museiiiDa  as  1  to  1 1 7. 
The  proportion  of  calculi  composed  of  pure  triple  phosphate  was 
1  to  12f^.  The  relatire  proportion  of  the  mixed  phosphates  lie 
put  as  1  to  13|.  The  general  proportion  of  all  the  calcnii, 
arranged  under  the  heads  of  the  phosphates  in  different  mii- 
aeums,  he  found  aa  1  to  10.  In  alternating  calculi,  tlie  phos- 
phates succeeded  to  uric  acid  in  the  proportion  of  1  to  il^.  The 
ratio  in  which  the  phosphates  succeeded  to  urate  of  ainmouin 
(and  soda)  was  as  1  U>  12^ ;  and  in  n  hich  the  phosphates  sue- 
ceeded  to  the  oxalate  of  lime  was  as  1  to  7J.  On  the  contrary, 
three  instances  only  occurred  in  which  the  uric  acid,  or  urate 
of  ammoDia,  succeeded  to  a  phosphate ;  and  the  proportion  iu 
which  the  oxalate  of  lime  succeeded  to  the  phosphates  was 
as  1  to  253 J  only.  The  general  proportion  in  which  the  phos- 
phates succeeded  to  the  other  ingredients,  was  as  1  to  i-^^. 

From  these  facts,  Prout  deduced  the  general  law  that,  in 
urinary  calculi,  a  decided  deposition  of  the  mixed  phosphates 
is  not  followed  by  other  depositions. 

Calculi  of  phosphate  of  lime  have  mostly  a  smooth  surface, 
and  are  composed  of  concentric  layers,  which,  when  the  calculus 
is  broken,  separate  from  each  other  with  great  facility,  forming 
detached  crusts.  These  are  almost  infusible  before  the  blow-  • 
pipe,  requiring  for  fusion  so  intense  and  prolonged  a  heat, 
that  few  can  succeed  in  fusing  it  (Bowman).  The  chemical 
characters  of  these  calculi  arc  those  of  phosjihate  of  lime,  as 
described  above. 

Calcidi  composed  entirely  of  triple  phosphate  are  generally 
crystalline,  or  consisting  of  aggregated  prismatic  ervatals; 
they  often  contain  cavities  filled  with  the  largest  and  most 
perfect  ciTstals  of  triple  phosphate,  or  have  their  surface 
covered  with  a  smaller  variety  of  them.  Specimens  of  this 
kind  are  contained  in  the  Museum  of  the  College  of 
Surgeons. 

Before  the  blowpipe,  the  triple  phosphate  gives  otT  the 
snte!!  of  ammonia,  swells  up,  gradually  becomes  gray,  and 
ultimately  fuses. 

Calcidi  composed  of  phosphate  of  lime  and  triple  plios- 
])hate  are  commonly  called  fusible  calculi,  from  the  readi- 
ness with  which  tbey  fuse  before  the  blowpijie,  giving  off 
ammonia  and  water,  aiul  leaving  a  mixture  of  phosphate  of 
lime  and  pyrophosphate  of  magnesia. 
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PhysSolofftcal  qiianiilies  of  Earthtj  Photphates  in  the  Urine. 

The  proportion  in  which  the  phosphate  of  lime  in  the 
urine  ataiids  to  the  phospliate  of  magnesia  hus  been  deter- 
mined by  Kletziiisky'  to  be  about  two  to  one ;  namely,  67 
parts  of  phosphate  of  lime  and  33  parts  of  phosphate  of  mag- 
nesia iu  100  parts  of  mixud  earthy  phosphates  precipitated 
from  healthy  urine. 

The  average  amount  of  pliosphates  of  the  alkaline  earths 
discharged  by  a  healthy  man  in  twenty-four  hours,  has  been 
determined  by  Beuekc^  to  be  12  grammes.  Under  ordinary 
diet,  Lclimann  discharged  100  grammes;  Boecker,'  I'^'i 
grammes.  These  observations  give,  as  the  average  of  mixed 
pho3|)hnte8  during  twenty-four  hours,  r28  grammes. 

Mosler  and  Ilegar  determined  the  quantity  of  earthy 
pliosphatce  by  calculation  firom  their  phosphoric  acid.  The 
former  made  two  series  of  observations  upon  himself,  the 
first  series  comprising  eix  days  in  April,  the  second  four  days 
in  October.     His  results  were  as  follows ; 

Observations  of  Ike  quantity  of  Phosphoric  Add  combined 
with  Eurtlis  in  the  Urine. 
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In  other  healthy  individuals,  Mosler  found  the  average 
per  hour  of  PO^  to  ftuctiuite  between  0015  and  0-019 
grammes.  Hegar  found  from  observations,  extending  over 
eight  days,  that  he  dischargt'd  1*31  grammes  of  phosphoric 
acid  in  combination  with  eartlia.  Six  mouths  atlerwards, 
the  average  of  four  days  wiis  only  0-903  grammes  of  POj. 
Neubauer  determined  directly  the  amount  of  lime  and  mag- 

'  Heller'i  'Arehiv,'  1852,  p.  270,  ft  ieq. 

*  '  Zur  Pliyiiol.  uiiil  PatUal.  dei  ['liusjihorB.  uiid  Oxala.  Kallui,'  Gottingfo, 

laso. 

'  '  BcittDge  lur  Ileilkundc,'  CrlfsU,  16-19. 
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nesia  diseharged  by  two  healthy  persons.     His  results  are 
ai-ranged  in  the  following  table : 

Observations  of  the  quantity  of  Lime  and  Magnesia  discharged 
during  twenty-four  hours. 

. 

Fim  Individ  lul. 
iiniije  uf  leirnlwn  diji. 
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Umt. 

MKgllFliD. 

u... 

-.^    1 

OranimM. 
0-057 
0-0% 
0'169 

Omrnmei. 
0'096 
0173 
0271 

Grimm  u. 
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From  all  the  observations  taken  together,  it  follows,  that 
the  amount  of  earthy  pliosphates  iu  the  urine  Tories  ia 
different  individuals,  and  in  the  same  indiriduala  at  different 
times.  A  general  average  for  any  given  weight  of  individual 
can  therefore  not  be  drawn  at  present.  It  can  only  be  ob- 
tained by  extended  observations  on  the  urine,  taking  into 
consideration  the  quantities  of  earths  ingested  with  the  food, 
and  those  discharged  by  way  of  the  Iwwels. 

The  influence  which  different  qualities  of  food  have  upon 
the  quantity  of  earthy  phosphates  discharged  by  the  urine  is 
well  illustrated  in  the  experiment  of  Lehmann.  Aa  we  Iuito 
already  stated,  when  eatijig  mixed  food,  his  average  amount 
of  earthy  phosphates  was  1-09  grammes.  But  when  he  re- 
stricted himself  to  animal  diet,  the  amount  rose  to  8'56 
grammes,  being  more  than  three  times  his  ordinary  average. 

Patholoffical  indications. 

1.   The  presence  of  earthy  phosphates  in  t/ie  urine  is  indica- 
tive Iff  the  alkaline  condition  of  that  fluid. 

phous,  we  may  conclude  that  the  alkali  which  caused  it  was  not 
ammonia. 

3.  If,  however,  the  precipitate  contains  crystala  of  triple 
phoajihate,  it  indicates  the  presence  of  ammonia,  arising  most 
probably  from  decomposition  of  urea. 

An  excess  or  deficiency  of  earthy  phosphates  in  tlie  urine  can 

LIMB    AND    MAGN'ESIA. 


211 


mere  presence  in  the  imnc  of  a  deposit  of  this  kind,  or  its  ap- 
pearance in  the  iirine  on  heating,  is  by  no  means  indicative  of 
an  excess,  as  is  yet  too  comnaonly  believed.  The  originators  of 
the  term  plioaphatic  diathesis  and  phosphuria,  and  their  fol- 
lowers, linked  a  series  of  the  moat  varied  disorders  together 
under  this  term,  which  had  nothing  in  common  but  one 
symptom,  namely,  alkaline  urine.  The  following  facta  and 
considerations  may  perhaps  serve  to  explain  some  opinions, 
whicli,  by  the  weight  of  authority,  are  rather  widely  circu- 
lated, but  nevertheless  require  a  thorough  reformation. 

Animal  diet  has  a  tendency  to  increase  the  acidity  of  the 
urine;  vegetable  diet  easily  makes  it  alkaline.  The  dys- 
peptic, therefore,  eating  little  or  no  meat,  will  easily  cause 
his  urine  to  be  alkaline  by  eating  a  little  fruit,  for  which 
he  not  unfrequently  has  a  longing.  But  even  if  no  fruit  has 
been  partaken  of,  and  but  little  meat,  the  secretion  may  be 
alkaline;  in  the  former  case  from  the  presence  of  carbo- 
nates, in  the  latter  from  that  of  alkaline  phosphates  from  the 
blood,  which  the  free  aeid  has  not  been  sufEcieut  to  trans- 
form into  acid  salts. 

Wliat  want  of  appetite  for  animal  food  causes  in  the  dys- 
peptic patient,  want  of  animal  food  causes  in  poor,  old  people. 
The  alkaline  urine  of  the  octogenarian  dependent  upon  paro- 
chial relief,  is  the  consequence  of  his  not  being  able  to  afford 
meat  once  a  week.  Hence,  in  these  cases,  the  acidity  of  the 
urine  is  restored  by  a  proper  allowance  of  meat. 

The  ansemic  girt  and  the  diabetic  patient  are  instances  of 
the  same  character.  In  the  former,  the  phosphates  may  be 
altogether  absent  for  a  day  or  two,  so  that  the  urine,  being 
alkaline,  will  form  no  deposit.  Meat  diet  will  soon  restore 
acidity  and  phosphates.  ]n  diabetic  patients,  phosphate  of 
lime  is  sometimes  altogether  absent,  and  the  alkaline  urine 
deposits  the  triple  phosphate  only.  Lehmann  observed  such 
a  case,  ITie  glittering  crystalline  deposit  of  triple  phosphate 
contained  no  trace  of  Time,  We  may  here  observe,  that  the 
microscopical  analysis  is  not  sufiBcient  to  prove  the  absence 
of  phosphate  of  lime.  For  Vogel  (p.  208)  observes  that  de- 
posits of  the  latter  salt  are  often  so  transparent,  and  their 
outlines  are  so  little  defined,  that  when  mixed  with  the  triple 
phosphate  they  are  easily  overlooked,  unless  the  observer 
takes  particular  care  in  "illuminating  his  object.  It  is  for 
this  reason,  that  we  cannot  take  any  notice  of  statements  re- 
garding the  occurrence  of  deposits  of  the  triple  phosphate, 
unmixed  with  phosphate  of  lime,  which  arc  not  sustauied  by 
exact  chemical  tests. 

Urine  becomes  alkaline  when  retained  in  the  bladder  for 
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any  miusual  len[^b  of  time.     This  will  not  bo  inaci 
when  absolute  reteiitiou  takes  phicc,  as  when  fi'om  any  cm 
the  bliulder  is  never  emptied  entirely  of  its  contentB.     "" 
canses  irritiition  of  the  mucous  membrane,  and  an  iucrei 
discharge  of  mucus,  which,  being  retained  also,  is  pi-csent  i 
unusual  quantity.     Whether  by  means  of  the  mucus,  or 
its  own  account,  we  do  not  pause  to  discuss — but  nrea  is  de-j 
composed,  making  the  urine  ammoniocal.  A  small  part  of  thi 
ammuniacal  urine  is  always  retained,  and  induces  quickly 
analo^fous  deeomposition  in  the  fresh  arrivals  from  the  urett 
The  urine  is  then  discharged  alkaline,  thick,  and  fetid.     But] 
when  the  bladder  ia  thoi'onf;ldy  emptied  and  washed  out 
injection,  an  acid  urine  will  immediately  collect  in  it. 

This  is  the  physiological  explanation  of  these  cases, 
pro\-ed  by  experience,  reason,  and  experiment.  Let  the 
retention  be  due  to  paralysis  of  the  bladder,  from  whatever 
cause, — affection  of  any  part  of  the  spine,  from  hemiplegia  or 
paraplegia,  or  from  difficult  childbirth  ;  let  it  be  due  to  the 
presence  of  divcrticlos  of  the  bladder,  to  calculi  or  foreign 
bodies,  to  enlarged  prostate,  to  stricture  of  the  urethra ;  or  let 
the  retention  be  caused  by  the  perverse  will  of  insanity,  in 
which  excretions  arc  frequently  hehl  back,  entirely  or  in 
part;  or  let  partial  retention  occur  in  the  eoma  of  fever — it 
will  always  have  the  same  eifcL't,  decomposition  of  urea  and 
ammoniacal  nrine. 

There  are  some  rare  and  extraordinary  eases,  in  which 
phosphate  of  lime  is  said  to  continue  to  be  discharged  in  the 
urine  for  a  long  time  without  apparently  doing  much  mis^ 
chief.  Such  a  case  is  recorded  by  Dr.  G.  Bird  (p.  294).  The 
patient  was  an  old  man,  an  habitual  dyspeptic,  and  had 
laboured  under  pyrosis  from  boyhood.  He  had  during  man; 
years  been  in  the  habit  of  passing  almost  milky  uriue, 
on  repose  deposited  such  an  extraordinary  quantity  of  phi 
phate  of  lime,  that  he  brought  to  Dr.  G.  Bird,  at  one  ti 
more  than  an  ounce  of  the  salt.  He  had  during  the  last 
years  been  under  the  treatment  of  half  the  hospital  physieii 
and  surgeons  in  London.  At  the  same  time  this  man' 
general  health  was  so  good,  that  there  was  scarcely  an  est 
for  submitting  him  to  any  course  of  treatment,  beyond 
apprehension  of  the  possible  formation  of  a  calculus, 
man  was  most  probably  an  impostor.  No  pretence 
lead  him  to  the  hospital,  from  which  during  a  fifty  yean 
experience  he  had  derived  no  benefit  regarding  a  symptom, 
winch,  if  really  present,  left  his  liealth  intact.  To  collect  an 
ounce  of  the  earthy  phosphates  must  have  engaged  him  for 
sixteen  days,  supposiug  it  all  to  be  derived  from  hia  owa 
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excretions.  And  no  man  will  take  tliat  trouble  knowingly 
for  no  purpose;  his  object  must  be  to  make  himself  interest- 
ing in  the  eyes  of  the  phj'sician,  and,  if  poasiblCj  to  derive 
the  benefit  of  being  kept  in  the  charity  some  time. 

If  the  reader  should  not  share  our  doubts,  he  may  adopt 
the  explanation  by  Dr.  G.  Bird,  for  which,  however,  there  is 
no  basis  in  fact ;  or  he  may  explain  it  upon  the  ground  of  the 
following  observation  recorded  by  Dr.  Prout  (p.  323,  note). 
This  physician  examiued  the  body  of  a  gentleman  who, 
during  the  greater  part  of  his  life,  had  suffered  from  renal 
disease,  remarkable  for  being  attended  by  tlic  secretion  of 
large  quantities  of  the  earthy  phoaphatca.  Both  kidneys 
were  not  only  extensively  disorganized,  but  most  of  the 
natural  cavities,  as  well  as  many  cysts,  were  found  distended 
with  numerous  earthy  concretions,  of  various  sizes  and  com- 
position, ITie  concretions  found  in  those  cavities  to  vhicft 
the  urine  had  access,  consisted  of  the  phosphate  and  carbonate 
of  lime,  and  more  or  leas  of  the  triple  phosphate  of  ammonia 
aud  magnesia,  while  those  cavities  or  cysts  distinct  from  the 
renal  structure,  and  to  which,  therefore,  Ihe  rcrme  had  no 
access,  consisted  of  the  calcareous  phosphate  and  carhonato 
only,  without  any  admixture  of  the  triple  phosphate. 

From  a  consideration  of  many  cases  of  earthy  calculi,  it 
is  apparent  that  the  mere  presence  in  the  bladder  of  deposits 
of  the  earthy  phosphates  never  gives  rise  to  calcuH,  For 
such  a  concretion  to  form,  it  requires  the  presence  of  some 
binding  material,  such  as  ropy  mucus,  or  a  clot  of  blood,  or 
fibrine.  It  is  for  this  reason  that  uiino,  which  deposits  the 
earths  in  the  bladder  under  the  influence  of  fixed  alkali,  has 
neier  been  known  to  form  a  calculus.  It  is  only  with  the 
aid  of  ha;maturia,  or  chjonic  disease  of  the  mucous  mem- 
brane, that  calculi  are  formed.  In  accordance  with  this, 
calculi  are  rare  in  the  bladder  of  herbivora,  which  discharge 
alkaline  urine,  and  therefore  always  mixed  with  a  large  pro- 
portion of  a  deposit  of  earthy  phosphates. 

Carbonate  of  lime  is  met  with  in  some  urinary  concretions,  but 
very  rarely.  The  above  obsenation  of  Dr.  Prout  illustrates 
the  circumstances  under  which  it  may  occur.  It  is  a  regular 
ingredient  of  the  urine  of  herbivora.  I  have  examined  pros- 
tatic concretions  consisting  nearly  entirely  of  this  substance. 
But  it  is  always  questionable  whether  the  lime  or  carbonic 
acid  were  in  any  case  derived  from  the  urine. 


J 


Symbol:  Fe.     Equiv.:  280. 

I  am  obliged  to  treat  of  iron  in  this  place,  thongrb  it 
would  perhaps  have  been  more  properly  arranged  under 
UrKmatine,  of  whieh  substance  Dr.  Harley  lias  shown  that  it 
always  forms  an  integral  port,  thus  indicating  its  derivatiou 
from  h^matiue  proper.  In  the  course  of  time  we  may 
perhaps  succeed  in  finding  the  proportion  in  whieh  iron  is 
contained  in  ursematine ;  and  in  that  case  this  metal  would 
be  valuable  for  determining  the  quantities  of  this  colouring 
principle  in  the  lu^ne. 

Besides  the  iron  normally  combined  with  unematine,  an 
accideutal  quantity  may  be  present  in  the  urine,  after  the 
ingestion  into  the  system  of  preparations  of  iron.  Tlicse 
latter  combinations  yield  the  ordinary  tests  for  iron  with  the 
usual  reagents,  and  therefore  differ  considerably  from  tlie 
iron  combined  with  urxmatincj  whieh  is  not  influenced  by 
the  addition  to  the  urine  of  the  usual  test-solution  tor  iron. 
For  the  iron  of  ursematine  to  exhibit  its  ordinary  proper- 
ties, it  requires  the  total  destruction,  by  heat,  of  the  organi' 
substance  with  which  it  is  combined,  and,  after  solution  in 
mineral  acid,  it  becomes  accessible  to  the  tests. 

Chemical  properties. 

When  to  the  Bolution  iu  hydrochloric  acid  of  the  as! 
of  urine  a  drop  of  nitric  acid  is  added,  and  afterwards 
Bulphocyanide  of  potassium,  a  reddish  colour  is  produced 
by  the  presence  of  the  smallest  traces  of  iron,  and  a  deep 
red  by  the  presence  of  larger  quantities. 

Another  portion  of  the  solution  of  the  ashes,  after  boilii 
with  a  little  nitric  acid  and  ddution  with  water,  may 
treated  with  ferroc^anide  of  potassium,  when  immediately 
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precipitate  of  Prussian  blue  will  eusue,  if  tlie  quantity  of  iron 
present  be  large.  If,  liowcvcr,  traces  ouly  are  present,  it 
will  require  several  hours'  standing  for  the  blue  flukes  or 
light  clouds  of  Prussian  blue  to  become  visible  by  deposition. 

Marguerite's  method  of  determimng  the  qttantity  of  Iron  in 
Urine. 

When  a  solution  of  suboxyde  of  iron  in  an  excess  of  hy- 
drochloric acid,  is  mixed  with  a  solution  of  permanganate  of 
potash,  the  suboxyde  is  transformed  into  oxydc,  and  the  per- 
manganate reduced  to  mauf^anatc.  Oue  equivalent  of  per- 
manganate of  the  composition  Mnj07+  KO  yields  5  equiva- 
lents of  oxygen,  and  thereby  transforms  10  equivalents  of 
suboxyde  of  iron  into  oxydc.  A  solution  of  permanganate 
of  potash  of  known  strength,  therefore,  may  serve  to  deter- 
mine the  quantity  of  iron  contained  in  any  solntion  in  the 
form  of  suboxyde,  if  added  in  a  quantity  just  sufficient  to 
effect  the  oxydation.  This  quantity  may  be  accurately  deter- 
mined by  the  loss  of  colour  which  the  permanganate  under- 
goes as  long  as  it  is  continued  to  be  reduced ;  but  a  single 
rlrop  of  this  fluid  which  is  added,  over  the  quantity  necessary 
for  effecting  the  transformation  into  oxyde  of  the  whole  of 
the  suboxyde  present,  imparts  to  the  mixture  a  light-red 
colour,  which  indicates  the  completion  of  the  analysis. 

Preparation  of  the  standard  solution  of  permanganate  of 
potash. — We  dissolve  crystallized  permanganate  of  potash  in 
an  ad  libitum  quantity  of  water,  and  determine  the  strength 
of  a  given  volume  of  this  solution  by  the  following  standard 
solution  of  ferrocyanide  of  potassium,  given  by  Neubauer : — 
7543  grammes  of  pure,  crystallized,  dry  ferrocyanide  of 
potassium,  containing  I'O  gramme  of  iron,  are  dissolved  in 
BO  much  water,  that  the  solution  exactly  amounts  to  one 
litre.  10  c.c.  of  this  solution  contain  exactly  10  milli- 
grammes of  iron.  1 0  equivalents  of  ferrocyanide  of  potassium 
require  1  equivalent  of  iwrmangauic  acid  to  be  transformed 
into  5  equivalents  of  fcrri cyanide  of  potassium. 

Of  this  solution  we  now  take  100  c.e.,  containing  10  milli- 
grammes of  iron,  dilute  it  with  about  50  e.c,  of  water,  acidu- 
late with  bydrochlorie  acid,  and  after  having  placed  the 
beaker  upon  a  piece  of  white  paper,  we  add  the  solution  of  per- 
manganate of  potash  to  the  solution  of  iron,  which  latter  is 
kept  in  a  rotating  motion.  The  api>carauce  of  a  yellowish-red 
colour  indicates  the  completion  of  the  test.  Supposing  the 
10  milligrammes  of  iron  contained  in  the  10  c.c.  of  solution 
of  the  ferrocyaoide  required  20  c,c.  of  the  aolutioa  of  per- 


tnanganate  of  potaeh  for  complete  oxydatioii,  1  c.c. 

latter  fluid  would  con-espond  to  —  - ■  -   =:  Oo  luilligraiuiiie 

»f  iron.  The  strcngtli  of  thi?  solution  of  the  pcrmanganal 
of  potash  may  .ilso  be  determiued  by  the  solution  of  cMorifl 
of  iron  of  known  strength  descrihed  under  phosphoric  acii 
or  by  the  solution  of  oxalic  acid  of  known  strength,  describe 
under  the  analysis  for  phosphate  of  lime,  By  calculation  of 
the  equivalent,  it  may  easily  be  adapted  to  the  equivnlcut  of 

Application  to  the  urine. — The  ashes  of  a  given  bulk  of 
urine,  say  100  c.c.,  burned  perfectly  white,  if  necessary,  \>j 
the  aid  of  nitrate  of  ammonia,  are  dissolved  in  hydrocliloric 
acid.  The  chloride  of  iron  has  now  to  be  reduced  to  the  stntc 
of  sidjchloride.  Tliis  is  Iicat  done  by  dissolving  pure  zi 
which  has  been  expressly  ascertained  to  be  free  of  Iron, 
the  acid  solution,  until  the  latter  has  lost  all  its  coloi 
(method  of  Schwarz').  It  is  now  freed  from  the  excess  of  «i 
and  other  matters  by  filtration,  and  diluted  to  the  bulk 
about  50  c.c.  The  solution  of  permanganate  of  potash 
known  strength,  as  determined  before  use,  b  now  added 
the  solution  of  iron,  and  mixed  with  it  by  agitation  nntil 
red  test  appears.  Supposing  1  c.c.  of  the  solution  of  ^ 
manganatc  of  potash  to  be  graduated  for  0'0005  grammes 
iron,  and  supposing  that  we  have  used  for  the  oxydation 
the  Buhoxyde  of  iron  obtained  from  100  c,c,  of  urine, 
8  c.c.  of  the  standard  solution  of  the  permanganate,  they 
would  indicate  3  x  O'OOOS  grammes  ^=  0001 5  grammes  of 
iron.  Supposing  that  of  this  urine  15000  c.c.  were 
charged  during  twenty-four  hours,  the  amount  of  iron 
secreted  would  be  0(K25  grammes. 

The  disappearance  of  the  red  colour  test  after  standi 
a  little  while,  is  due  to  further  changes  not  in  connecti< 
with  the  analysis,  and  need   not,  therefore,  be  regarded 
the  experimenter. 

Phygialogy  and  Pathological  indicaliona  of  Iron. 

We  know  tliat  iron  is  a  component  part  of  the  red  coloi  _ 
ing  matter  of  the  blood  or  hcematinc,  and  that  a  deficiency^ 
iron  in  this  substance,  or  in  the  blood  and  organism  gei    ' 
rally,  constitutes  a  feature  of  certain  diseases,  wliich  generj 
pass  under  the  name  of  chlorosis  and  anicmia.     The  m 
larity  to  hasmatiue  which  iirffimatinc  exhibits,  by  its  i 
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taining  iron  in  chemical  combination,  is  one  of  the  strongest 
reasons  for  considering  it  a  derivate  of  the  former.  We  arc 
the  more  struck  by  the  analogy  which  the  ursematine,  as 
regards  its  quantity,  bears  to  the  hsematine  in  the  diseases 
above  mentioned.  But  so  much  remains  here  to  be  ascer- 
tained by  fact,  that  I  think  it  dangerous  to  do  more  than 
give  a  glimpse  in  this  direction  at  present. 

The  analysis  of  the  urine  may  prove  useful  for  determining 
the  amount  of  iron  which  enters  the  blood  and  circulation^ 
when  it  is  taken  as  a  medicine. 


CHAPTER  XV. 
AMMONIA. 


According  toProfesiior  Liebig,'  fresh  healthy  urine  coti 
tains  only  very  small  or  very  cloubtM  traces  of  ammonia,  aiu 
gives  no  prceipitatc  with  chJoride  of  platinum.  The  erystalitfl 
which  form  overnight  in  urine  mixed  with  chloride  of  plati-' 
num  exhibit  all  the  properties  of  the  chloride  of  platinam 
and  potassium.  And  if  any  chloride  of  platiuura  and  ammo- 
nium should  be  mixed  with  them,  it  is  uncertain  whether 
these  are  not  due  to  the  decomposing  influence  of  the  chlo- 
ride of  platinum  upou  the  organic  coustituciits  of  the  urine. 
By  the  application  of  heat  to  the  urine,  ammonia  will  be 
evolved.  When  subjected  to  distillation  in  a  retort,  the 
fluid  which  goes  over  will  contain  ammonia  to  the  last — a 
phenomenon  which  has  been  explained  by  the  decomposing 
influence  of  the  acid  phosphate  of  sotia  upon  urea  and  colour- 
ing matter.  The  phosphate  of  ammonia  and  soila  thus 
formed  has  the  property  of  giving  ofl^  its  ammonia  at  a  tem- 
perature of  212"  P.,  and  the  acid  pbosjihatc  thus  left  is 
again  and  again  a  generator  of  ammonia,  as  long  as  any 
organic  substances  are  left  capable  of  yielding  that  ba.se. 
The  influence  of  the  alkaline  earths,  as  lime  and  baryta,  upon 
the  urea  in  the  urine  is  so  great,  particularly  in  higher  tem- 
peratures, that  it  will  require  strong  proof  to  show  that  any 
of  them  can  with  safety  be  used,  even  at  the  common  tempe- 
rature of  the  air,  for  liberating  from  the  urine  any  ammonia 
that  may  be  present  as  such  in  combination  with  an  acid. 
It  has  been  stated  in  a  former  chapter,  that  ammonia  occurs 
in  combination  with  uric  acid,  and  that  urate  of  ammonia 
might  be  an"  ingredient  of  all  healthy  urine.  It  is  here  the 
place  to  state,  that  the  difficulty  of  affording  a  direct  proof 
"  r  this  assumption  cannot  be  disguised.     For,  that  urate  a 
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ammonia  may  occur  in  a  deposit,  is  in  itself  uo  proof  that  it 
may  occur  under  ordinary  circumstances ;  for  a  deposit  13  a 
morbid  feature,  however  slight  the  symptoms  may  be  which 
the  individual  experiences  at  the  time  of  its  occurrence. 
And  if,  on  the  other  hand,  urate  of  ammonia  forms  on  the 
surface  of  evaporating  urine,  this  cannot  be  assumed  as  a 
proof  simply  of  over-saturation  of  the  fluid  with  this  salt,  for 
tlie  reason  already  stated,  namely,  that  in  higher  tempera- 
tures ammonia  is  produced  from  urea  by  the  decomposing 
influence  of  the  acid  phosphate. 

To  prove  the  presence  of  ammonia  in  a  deposit  of  the 
ordinary  urates  is  by  uo  means  an  easy  task.  It  is  easy 
enough  to  filter  off  the  deposit,  to  wash  and  dry  it,  and  by 
solution  in  caustic  potasli  to  prove  an  evolution  of  ammonia. 
But  to  get  the  deposit  pure  and  free  from  all  matters 
wluch,  with  caustic  potash,  are  capable  of  giving  off  ammonia, 
is  at  present  almost  impossible.  In  fact,  the  proof  that  the 
ammonia  obtained  by  the  process  just  mentioned  was  com- 
bined with  uric  acid,  is  altogether  wanting.  Under  these 
circumstances  we  cannot  be  astonished  to  find  that  accurate 
observers,  as  Lehmann  and  Scherer,  share  the  doubts  of 
Liebig  regarding  the  presence  of  ammonia  as  a  normal  ingre- 
dient in  urine.  The  analyses  of  Hcintz'  are  by  no  means 
calculated  to  set  the  question  at  rest,  as  some  authors  have 
rather  precipitately  assumed.  For  if  the  chloride  of  platinum 
were  a  reliable  test  for  the  decision  of  this  question,  such  a 
man  as  Liebig  would  never  have  set  it  aside  in  the  manner 
indicated.  The  researches  of  Boecker,  Boussingault,  and  De 
Vry  have  had  no  decisive  result ;  though  the  analyses  of 
Bonssingault  seem  to  support  the  presence  of  ammonia  in  the 
urine.  The  best  proof  as  yet  advanced  of  the  regular  presence 
in  the  urine  of  certain  quantities  of  ammonia  seems  to  be 
afforded  by  the  analyses  of  Neubauer,^  who  adapted  the  method 
of  Schliising  for  the  volumctrical  analysis  of  ammonia  in  the 
urine.  There  is  only  one  objection  to  this  method,  which  I 
have  already  advanced;  the  ammonia  is  set  free  by  the 
addition  to  the  urine  of  milk  of  lime.  Now,  if  it  can  be 
proved  that  milk  of  lime  at  the  ordinary  temperature  of  the 
air  does  not  within  a  reasonable  limit  of  time  create  ammonia 
from  urea  and  the  other  organic  substances,  we  are  bound  to 
say  that  an  essential  progress  would  be  effected  by  these 
researches  of  Neubauer.  The  subject  of  ammonia  in  connec- 
tion with  the  animal  economy  would  be  of  immense  import- 
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ance,  if  it  bIioiiI(I  be  proved  Ixryond  the  sliadow  of  a  doubt, 
wliut  Dr.  Richardson'  has  eiicteavoiired  to  show,  namely,  that 
ammonia  is  a  regular  couBtitucnt  of  the  blood,  and  the  solrent 
of  fibrine  in  the  living  body. 

Symbol:  NH,. 
Equivalent  =  170.     H, 

N 


=    30— 17-65 
=  MC  — 82-36 

NH3=17-0     10000 


The  rhtniirul  properltes  of  ammonia,  as  far  as  it  is  ne«:s- 
sary  to  give  them  here  for  our  speeial  piujiosc,  arc  easily 
defined.  It  is  the  only  volatile  alkali  with  which  chemistry 
ia  acquainted ;  and  of  this  property  we  avail  ourselves  for  its 
analysis. 

It  is  driven  out  of  its  combinations  and  salts  by  canstic 
lime,  and  evaporates  spontaueoiisly  from  watery  solutiom 
when  exposed  to  the  air. 

In  a  mixture  of  perfcetly  neutral  solutions  of  sulphate  of 
silver  and  arscnious  acid,  the  slightest  trace  of  ammonia 
causes  immediately  a  delicate  but  dense  ycUowisli-white  pre- 
cipitate of  arsenite  of  silver,  which  is  easily  soluble  in  the 
slightest  c-tcess  of  acid.  This  is  the  most  delicate  test  for 
ammonia.    Upon  this  I  have  based  the  following  proceeding: 

Deinotmtralion  qf  Ihe  prest-ace  of  AmBioma  in  C'riw. 

The  ammonia,  which  has  been  Ulwrated  from  urine  by 
means  of  milk  of  lime,  is  made  to  pass  in  the  form  of  pas 
into  a  solution  of  sulphate  of  silver  and  arscnious  acid ;  the 
precipitate  ensuing  is  evidence  of  its  presence. 


Delerminalion  qf  l/te  guattlify  of  Ammonia  i 
vobtmetrical  analyfis. 


Urine  by 


The  method  just  described  may,  with  slight  modifications, 
be  used  for  determiuing  the  quantity  of  ammonia  thus 
evolved.  Into  a  potash  bulb  is  put  a  known  amount  of 
sulphuric  aeid  of  known  streugth,  and  the  ammonia  evolved 
from  the  urine  by  lime  ia  made  to  pass  through  it  by  means 
t)f  an  aspii-ator.  AH  ammonia  of  the  iirinc  will  be  combined 
with  the  sulphuric  acid  in  the  apparatus.  The  acid,  thus 
combined  with   the  ammonia,   is  now   put   into  a  beaker, 
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and  saturated  with  a  Boliitioii  ut'  caastic  soda  of  knonn 
Btrcugth.  Tlie  point  of  neutrality  is  indicated  by  the  appear- 
ance of  a  white  precipitate  of  areenite  of  silver,  when  the 
solution  of  sulphate  of  silver  and  arscnious  acid  has  pre- 
vioufily  been  added  to  the  sidphuric  acid,  and  by  the  re- 
appearance of  the  blue  cotonr  when  tincture  of  litmus  has 
been  used  as  the  indicator.  'The  former  test  is  parti(.-u- 
larly  useful,  when  we  have  to  work  with  artificial  light,  which 
docs  not  permit  the  distinctions  between  red  and  blue  titmua 
to  be  accurately  perceived.  From  the  amount  of  solution 
of  soda  used  less  than  would  have  been  required  for  satu- 
rating the  same  bulk  of  sulphuric  acid  of  known  strength,  if 
no  ammonia  had  been  combined  with  it,  the  amount  of 
ammonia  is  found  by  calculatioQ. 

The  following  method  by  Neubauer  is  preferable  in  some 
respects.  It  is  based  u]>oii  tlie  ^t  that  ammonia  evaporates 
from  its  watery  solution,  and,  if  coniined  with  free  sulphuric 
acid  in  a  closed  space,  is  entirely  absorbed  by  the  acid.  The 
rest  is  done  by  vohunetrical  analysis  as  above. 

Preparation  of  standard  solution  of  sulphuric  acid. — Four- 
teen grammes  of  hydrated  sulphuric  acid  are  diluted  with 
200  grammes  of  water ;  and,  after  the  mixture  lias  cooled 
down  to  the  ordinary  temperature  of  the  air,  the  amount  of 
sulphuric  acid  contained  in  every  100  e.c.  is  determined  in 
two  such  portions  by  means  of  chloride  of  barium,  in  the 
usual  way.  When  both  analyses  ^:rcc  pretty  nearly,  the 
average  of  them  may  be  taken  as  correct.  For  imtance,  if 
we  have  found  that  10  c.c,  of  the  dilute  acid  contain  O'SOo 
grammes  of  sulphuric  acid,  they  will  be  exactly  neutralized 
by  0'2146  grammes  of  ammonia,  NH^;  1  c.c.  of  the  dilute 
acid  therefore  corresponds  to  002116  grammes  of  NH^. 

Preparation  of  standard  solution  ofcnttslic  soda. — A  dilute 
solution  of  freshly  prepared  soda  in  alcohol  is  made,  and  its 
strength  is  determined  by  finding  the  quantity  required  to 
neutralize  lO'O  c.c.  of  the  suiphmnc  acid  just  described.  To 
lOOc.c.  of  the  sulphuric  acid,  therefore,  reddened  by  tincture 
of  litmus,  or  mixed  with  the  solution  of  sulphate  of  silver  and 
arseuious  acid,  the  solution  of  soda  is  added  from  a  burette 
until  the  point  of  neutrality  is  indicated  by  the  restoration  of 
the  blue  colour  of  litmus,  or  the  appearance  of  the  precipitate 
of  arsenite  of  silver.  Suppose  we  have  used  to  tliis  point 
SO'O  c.c.  of  the  solution  of  soda,  then  we  know  that  every 
cubic  centimetre  of  it  exactly  corresponds  to  000715  grammes 
of  ammonia;  as  the  100  e.c.  of  sidphuric  acid,  which  were 
neutralized  by  SO'O  c.c.  of  soda,  correspond  to  0"21iG  grammes 
ofNH,. 
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Application  of  the  fluids. — 20'0  c.c.  of  fresh  Bltered  urine 
are  put  into  &  glass  or  chiua  dish  of  four  inches  in  diameter, 
and  one  inch  in  height.  A  triangle,  made  of  a  glass  rod,  is 
now  put  across  tlie  top  of  tliis  dish,  to  supiKtrt  a  smaller  flat 
dish  containing  lO'O  c.e.  of  the  standard  suljjhnrie  acid.  This 
is  now  placed  under  a  receiver  on  a  ground-glass  plate, 
closed  hermetically  by  the  aid  of  tallow.  A  dinucr-plate 
and  some  mercury  may  also  be  used  for  the  purpoae. 
When  the  entire  apparatus  is  thus  completed,  lO'Oc.e.  of  milk 
of  lime  are  added  to  the  urine  in  the  lower  dish,  and  the  appa- 
ratus is  quickly  closed  and  put  aiiide.  After  the  lapse  of  fortv- 
eight  hours  the  whole  of  the  ammonia  formerly  contained  in 
the  urine  will  be  found  to  have  hecn  driven  out,  and  to  have 
been  absorbed  by  the  sulphuric  acid  in  the  upj)er  disli.  If  tlie 
sulphuric  acid  is  now  neutralized  by  the  standard  solution  of 
soda,  HO  much  less  of  this  solution  is  required  as  is  equivalent 
to  the  amomit  of  ammonia  contained  in  the  acid.  Thus,  if 
the  10  c.e.  of  sulphuric  acid  (contitining  Oa03  grammes  of 
SOj„  corresi>onding  to  0-2146  grammes  of  NH,},  after  expo- 
sure to  the  vapour  of  ammonia  evolved  from  the  urine  under 
the  glass  shade,  require  only  26  c.e.  of  tlie  solution  of  soda 
instead  of  the  30  c.e,  for  which  they  are  graduated,  they  ha>-e 
absorbed  au  amount  of  ammoida  equivalent  to  4  c.e.  of  the 
solution  of  soda,  of  which  it  has  been  seen  that  every  cubic 

centimetre  corresponded  to  —^ ==■  000715  grammes  of 

NHa.  Tlie  20  c.e.  of  urine,  therefore,  evolved  or  contained 
4  X  0-00715  =0-0286  grammes  of  NH^.  1000 grammes  of 
urine  would  therefore  contain  I'-iS  grammes  of  NH^;  and 
every  other  quantity  in  proportion. 

Ncubauer  found  that  healthy  fresh  urine,  fi-ee  from  mucua, 
does  n{)t  undergo  alkaline  decomposition  during  the  first 
forty-eight  hours  after  being  passed.  But  it  is  not  so  with 
the  urine  from  patients,  which  very  frequently  begins  to 
decompose  a  few  hours  after  emission.  Such  urine,  there- 
fore, requires  some  precautious ;  and  of  these,  the  first  to  be 
noticed  is  the  advice  of  Vogel,  to  empty  the  bladder  by  means 
of  the  catheter,  and  then  to  collect  the  freshly  secreted  urine 
through  the  catheter,  which  is  left  in  the  minary  passages. 
Tlie  urine  is  thus  protected  from  the  decomposing  influences, 
both  of  the  secretions  of  the  bladder  and  of  the  higher  tem- 
perature of  the  body.  If  this  precaution  l}c  not  feasible,  the 
colouring  and  other  easily  decomposing  matters  may  be 
removed  by  means  of  a  mixture  of  equal  volumes  of  solutions 
of  basic  and  of  neutral  acetate  of  lead.    Of  thb  mixture  30  c 
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are  mixed  witli  an  equal  volume  of  urine,  and  of  the  liquid 
filtered  from  the  precipitate  40  c.c,,  corresponding  to  20  c.o. 
of  urine,  are  taken  for  the  analysis  of  ammonia.  If  the 
operator  will  take  a  little  more  trouble,  he  may  control  the 
analysis  performed  wilfi  milk  of  lime,  by  putting  urine  into 
a  second  apparatus  without  it.  If  the  latter  evolve  no 
ammonia,  spontaneous  decomposition  of  the  uriuc  has  pro- 
bably not  taken  place. 

The  method  of  finding  the  amount  of  ammonia  in  urine  by 
means  of  chloride  of  platinum,  given  by  Hciiitz,  requires  so 
much  time  for  its  execution  that  it  becomes  simply  impracti- 
cable. In  that  respect  it  shares  the  fate  of  the  analysis  of 
urea  by  the  same  indefatigable  observer ;  but  there  is  that 
difference,  that  the  analysis  for  urea  gives  an  accurate  result 
for  the  trouble,  of  which  we  arc  not  sure  regarding  ammonia, 
for  reasons  already  advanced.  It  is  therefore  not  to  be 
wondered  at,  that  the  amount  of  ammonia  found  by  Ileintz 
in  the  urine  of  twenty -four  hours  should  be  more  than  double 
the  quantity  of  that  found  by  the  above  analysis  of  Neubauer, 
a  fact  which  adds  to  the  probability  that  chloride  of  platinum 
produces  ammonia  in  urine  by  decomposition  of  some  of  its 
constituents,  not  being  simple  salts  of  ammonia. 

QuaiUUij  of  Ammonia  discharged  in  the  Urine  during  Iwenly- 
faur  hours  by  healthy  individuals. 

Nenbauer  examined  the  urine  of  two  male  individuals  of 
twenty  and  thirty-six  years  of  age  respectively.  The  average 
of  twelve  analyses  of  the  urine  of  the  man  of  twenty  years 
gave  0'6137  grammes  of  ammonia  for  twenty-four  horn's. 
The  average  of  the  second  subject,  as  found  by  the  same 
number  of  analyses,  was  much  higher  than  that  of  the  first, 
namely,  0'8351  grammes  of  ammonia  for  twenty-four  hours. 
The  minimum  was  0'3125 ;  the  maximum  l'20y6  grammes  of 
ammonia  each  day.  Expressing  these  facts  in  round  figiircs, 
we  may  say  that  the  average  amount  of  ammonia  excreted  by 
a  healthy  man  is,  minimum,  03;  average,  0'7;  maximum, 
10  gramme. 

Physiological  origin  of  Ammonia. 

The  oidy  reliable  knowledge  on  this  point  consists  in  the 
following  facts :  The  ammonia  of  the  tails  of  ammonia,  when 
the  latter  are  taken  into  the  stomach,  passes  unchanged  through 
the  system  and  is  discharged  in  the  urine.  This  has  been 
proved  beyond  doubt  by  the  analyses  of  Neubauer.'  The 
■  '  Journa!  tut  Prutlsclic  Clicmie,'  Bd.  C4,  p.  281. 
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subject  of  his  experiments  was  the  young  man  of  twenty 
years  of  age,  whose  average  discharge  of  ammonia  during  one 
of  twelve  days  liad  been  ascertained  to  be  0'6137  grammes. 
He  took  now  2  grammes  of  hydrochlorate  of  ammonia  in 
a  glass  of  water  for  five  successive  nights ;  and,  in  the  urine 
collected  for  five  successive  periods  of  twenty-four  hours, 
analysis  showed  an  excess  of  9'957  grammes  of  hydrochlorate 
of  ammonia  over  the  amount  of  ammonia  previously  ascer- 
tained to  be  the  normal  average. 

It  remains  to  be  seen  whether  caustic  ammonia  and  car- 
bonate of  ammonia  are  eliminated  in  a  similar  manner.  It 
nnnains,  also,  to  be  ascertained  whether  the  organism  pro- 
duc(.'rt  any  ammonia  under  ordinary  circumstances,  or  whether 
the  ammonia  in  the  urine  is  simply  introduced  by  our  food 
and  drink,  or  by  the  air  which  we  breathe.  Some  articles 
of  food  arc  rich  in  ammonia,  e.g.,  radishes.  The  smoke  of 
tobacco  contains  a  large  share  of  ammonia ;  and  any  person 
remaining  for  any  length  of  time  in  a  room  filled  with  this 
am!)rosial  offering  to  A])ollo,  mu^st  iidiale  such  quantities  of 
ammonia  as  must  materially  increase  the  ordinary  amount  in 
his  urine.  If  ammonia  be  reallv  essential  to  the  blood,  the 
anti-tobacco  leaguers  may  yet  hear  the  argument  advanced, 
that  tobacco -smoking  is  really  essential  to  keep  our  tibriueiu 
solution,  and  that  smoking  has  of  late  become  so  much  more 
common,  because  the  ordinary  sources  of  this  "  food,''  the 
ecsspoolH,  dunt^hills,  and  other  like  accompaniments  of  hu- 
man and  animal  habitations,  have  been  done  away  ndth.  A 
still  greater  amount  of  ammonia  is  of  nc<*cssity  inhaled  where 
both  the  sources  just  mentioned  ilow  without  restraint. 


Pathological  indications. 

If  what  some  have  ventured  to  bring  forward  as  a  defined 
feature  of  certain  forms  of  disease  of  the  kidney  can  really  be 
nuiintained,  namely,  that  the  urea  retained  in  the  blood  may 
there  undergo  decomposition  into  carbonate  of  ammonia,  and 
give  rise  to  the  symptoms  deseril)ed  as  urainiia,  the  pathological 
indications  of  ammonia  in  the  urine  would  be  all  important  in 
those  diseases.  And  though  quantities  of  ammonia  might  be 
excreted  by  the  lungs,  skin,  and  bowels,  yet  the  urine  would 
be  that  excretion  in  which  the  ammonia  would  be  most  acces- 
sible to  our  analysis.  However  probable  such  a  process,  under 
given  circumstances  may  be,  actual  and  direct  proof  would 
be  recjuired  to  make  it  a  fact ;  and  this  we  cannot  say  to  have 
been  allbrded  by  the  originators  of  the  theory.     We  know. 
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on  the  contrarj-,  that  the  test  said  to  be  diagnostic  of  the 
presence  of  ammonia  in  the  breath,  the  formation  of  white 
vapours  on  contact  of  the  Ijreath  with  a  glass  rod  dipped  in 
hydrochloric  acid,  fixxjuently  fails  in  cases  with  the  moat 
marked  symptoms  of  anemia.  We  must,  therefore,  expect 
further  proofs,  analvsea  of  the  blood  and  the  excretions,  be- 
fore we  can  give  that  extension  to  tossemia  as  a  cause  of 
various  severe  aflections,  which  by  various  authors  has  been 
attributed  to  it.  It  is  the  same  with  putrid  or  septic  fevers, 
under  those  conditions  in  which  the  blood  is  said  to  be  in  a 
state  of  dissolution.  For  all  we  know,  ammonia  may  be 
a  product  of  these  pathological  processes;  and  then  we  might 
espcct  to  find  it,  in  part  at  least,  in  the  urine.    ■ 

If  urine  is  ammoniacal,  and  we  should  wish  to  determine 
the  amount  of  ammonia  thus  formed  from  urea,  we  may  pre-  - 
cipitate  the  ammonia  by  the  addition  to  a  measured  quantity 
of  a  salt  of  magnesia.  If  the  mixture  is  well  stirred  for  a 
little  while,  the  triple  phosphate  thus  formed  will  subside, 
and  by  its  weight,  when  in  the  form  of  pyrophosphate,  the 
amount  of  free  ammonia  contained  in  the  urine  may  be 
calcidated.'  But  tliis  analysis  should  not  be  depended  upon 
for  any  very  accurate  concltisioiis,  as  the  sources  of  error 
surrounding  it  arc  numerous. 

'  Sclimidl,  '  KryiUllanoinlxhc  Unicrturliniigen,'  p.  3:1. 
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There  is  a  little  carbonic  acid  in  the  urine^  as  in  most 
animal  fluids ;  and  a  method  has  been  devised  by  Marchaud^ 
for  determining  its  quantity.  From  a  measured  quantity  of 
urine  the  carbonic  acid  is  evolved  by  warmth  and  diminished 
air  pressure,  and  caught  in  baryta  water.  This  is  the  prin- 
ciple of  the  analysis ;  the  following  are  the  particulars :  100 
c.c.  of  urine  are  put  into  a  balloon,  closed  by  a  cork,  which 
is  pierced  by  two  glass  tubes.  One  tube  dips  into  the  urine, 
and  above  the  cork  is  drawn  out  into  a  long  point,  and  closed 
by  the  blow-pipe.  The  second  tube  begins  with  the  cork, 
has  a  double  bend,  and  is  connected  with  a  second,  but  empty 
bottle,  out  of  which  a  second  doublv  bent  tube  leads  to  a 
third  balloon,  half  full  of  clear  baryta  water.  Several  bottles 
with  barj'ta  water  may  yet  be  attached.  To  the  last  one  the 
air-pump  is  fixed.  The  whole  apparatus  being  made  air- 
tight, tlie  balloon  containing  the  urine  is  placed  in  the  water* 
bath,  and  its  temperature  raised  to  112°  or  1 10°  F.,  after  which 
the  air  is  gently  pumjied  out  of  the  apparatus.  The  urine 
soon  begins  to  boil,  and  distils  ])artly  into  the  empty  bottle, 
and  the  solution  of  baryta  in  the  several  bottles  becomes  turbid 
from  carbonate  of  barj  ta.  After  the  lapse  of  about  half  an 
hour  or  more,  the  thin  point  of  the  first  tube  is  broken  off, 
and  air  is  gently  drawn  through  the  apparatus.  The  car- 
bonate of  baryta  is  aftenvards  separated  by  filtration,  washed, 
and  dissolved  in  hydrochloric  acid ;  the  solution  is  precipi- 
tated by  sulphuric  acid  ;  and  fi'om  tlie  weight  of  sulphate 
of  baryta  thus  obtained  the  amount  of  carbonic  acid  is 
calculated. 

^  '  Journal  fiir  Practische  Chemie,'  Bd.  44,  p.  253. 


CHAPTER  XVII. 
BLOOD  AND  ITS  ANATOMICAL  ELEMENTS. 


Blood  ia  a  waodering  tissue ;  and  as  such  is  composed  of 
an  eiement  possessing  form,  the  corpuscles,  and  a  liquor 
ill  which  these  are  suspended ;  a  second  element,  wliich  may 
be  termed  anatomical,  because  it  admits  of  mechanical  demon- 
stration, and  separates  from  the  liquor  when  withdrawn 
from  the  circulation,  and  becomes  solid,  is  fibrine ;  a  third 
anatomical  element  is  the  serum,  which  may  )>e  defined  as  an 
alkaline  solution  of  albumen  in  water. 

The  presence  of  any  of  these  elements  of  blood  in  urine 
indicates  serious  lesion  in  some  part  of  the  urinary  organs. 
When  blood  is  mixed  with  tlie  urine,  it  indicates  a  breach  of  | 
surface  :  in  the  kidneys,  produced  by  stasis  in  the  capillaries;  ' 
in  their  pelves  and  the  ureters,  by  the  mcclianical  violence  of 
a  concretion  ;  in  the  bladder,  by  rupture  of  enlarged  veins, 
ulceration,  irritation  of  a  calciilus,  or  malignant  disease.  .The 
presence  of  blood -corpuscles  amounts  to  a  demonstration  of 
the  presence  of  the  three  elements  of  blood,  for  obt-ions 
reasons.  It  is  best  ascertained  by  the  microscope.  The 
presence  of  tibriiie  in  any  form  also  admits  of  anatomical 
demonstration.  But  albumen  requires  chemical  tests,  which, 
though  of  a  simple  nature,  yet  must  be  used  with  certain  pre- 
cautions, in  order  not  to  mislead  our  conclusions.  The 
presence  of  fibrine  or  of  albumen  may  be  due  to  exudation 
without  breach  of  surface. 

Blood,  Blood-corpmclen,  and  Coar/ii/a. 

When  very  small  quantities  of  blood  are  present,  it  ia 
difinsed  through  the  whole  mass  of  urine  without  damaging 
its  colour.  In  that  case  it  is  necessary  to  let  the  urine  repose 
in  a  white  china  vessel,  or  in  a  glass  vessel  placed  on  a  white 
sheet  of  paper,  when  the  blood- corpuscles  ^rill  collect  at  the 
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bottom  in  form  of  a  a  rustj-broftiiiah  sediment,  not  easily  to 
l>c  mistaken  for  auytliing  else,  so  that  it  may  sme  for  the 
diagnosis,  by  the  naked  eye,  of  even  very  minute  quaatitiea 
of  blood. 

If  a  little  more  blood  is  present  in  tlie  urine,  it  gives  it  a 
dirty,  dingy,  or  smoky  hue,  when  diffused,  forming  &  larger 
rust-browu  deposit  on  repose.  If  the  mine  is  of  a  low  spccifio 
gravity  at  the  same  time,  tlie  corpuscles  yield  part  of  their 
red  colouring  matter,  and  tlic  uriue  assumes  tlic  pink  eolour 
of  flesh -washings,  or  the  cold  extract  of  flesh.  This  pink 
colour  passes  through  all  gradations,  until  the  colour  of  the 
urine  is  almost  like  blood  itself.  When  blood  is  effused  in 
any  considerable  quantity  at  a  time  from  larger  blood-vessels, 
such  as  veins  of  the  bladder,  or  small  arteries  opened  by  a 
concretion,  it  then  coagulates  in  irregular,  mostly  lumpy 
masses,  of  a  black  or  reddish-black  colour.  Though  these 
coagula  cannot  easily  be  mistaken  for  anything  else  by  the 
naked  eye,  they  may  yet  present  certain  variations,  according 
to  whether  they  have  been  formed  in  the  urinary  i>assages,  or 
after  the  excretion  of  the  urino.  When  formed  in  the  urinary 
passages,  as  is  mostly  the  case  when  they  are  formed  at  allj 
they  may  be  retained  in  the  bladder  or  in  the  narrow 
canals  leading  to  and  from  that  organ,  thus  causing  irrita- 
tion of  the  bladder,  dysuria,  stranguria,  or  retention  of  urine. 
When  retained  in  the  bladder,  they  may  give  rise  to 
concretions,  When  retained  in  the  bladder  for  a  short 
period  only,  and  there  exposed  to  the  influence  of  a  dilute 
urine,  secreted  in  consequence  partly  of  the  stimulus  trans- 
ferred to  the  kidneys  from  the  irritated  bladder,  coagula 
of  blood  may  give  up  all  their  coloiir  and  be  discharged  a» 
colourless  him|>8  of  fibrine.  Such  coagula,  modified  by  a. 
Kujourn  in  the  bladder,  I  have  kuowu  to  be  declared  flbrinoaa 
easts  of  the  urethra.  The  diagnosis  of  the  presenc*  of  blood 
in  all  these  cases,  when  at  all  doubtful,  is  ensured  by  the — - 

Microscopical  appearancea  and  reacliam  of  Blood-corpuadet. 

Under  a  power  of  400  diameters,  these  bodies  appear  i 
circular  discs,  with  the  edges  rounded  off.  The  centre  of  the  j 
discs  may  be  light,  and  the  circumference  dark ; 
clianjiing  the  focus  the  reverse  may  be  the  case.  Their  J 
colour  Is  a  light-brown  or  reddish-brown  hue.  On  setting-J 
the  fluid  in  which  they  are  contained  in  motion,  their  tme'f 
shape  becomes  at  once  apparent ;  for  we  see  the  disc  Mca- 
vated  on  either  side.  On  adding  water  to  the  corpuscles,  wo  1 
perceive  them  to  expand ;  the  concavities  begin  to  rise,  andJ 
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quently  of  such  a  nature  as  to  represent  g^nules  arranged 
round  a  central  nucleus.  When,  however,  blood  is  present 
in  the  urine  in  any  quantity  sufiBcient  to  nearly  or  altogether 
neutralise  any  acidity  of  the  urine,  these  changes  do  not  take 
place  to  that  extent,  the  corpuscles  remaining  either  un- 
changed, or,  when  tlie  urine  is  very  watery,  only  giving  up 
part  of  their  colouring  matter,  or  adhering  to  each  other  in 
rouleaux  like  rolls  of  coins,  in  the  same  way  as  the  corpuscles 
in  blood  which  is  not  mised  with  any  urine.  The  several 
modifications  of  blood  corpuscles  are  represented  in  fig.  5, 
of  pi.  Ill, 

Chemical  diagnosis  of  Blood  in  Urine. 
In  most  cases  the  microscope  affords  conclusive  evidence 
of  the  presence  of  blood.  In  very  i-are  cases,  however,  the 
blood  is  to  be  looked  for  in  ammoniacal  urine ;  and  then  the 
corpuscles  are  not  easily  to  be  found,  as  they  are  too  soluble 
in  that  fluid,  which  then  merely  has  a  red  colour,  and  coagu- 
lates under  certfun  circumstances.  In  this  case,  the  presence 
of  blood  may  be  ascertained  by  the  following  tests  for  hseraa- 
tinc  and  albumen.  The  urine  is  cautiously  neutralised,  with 
n  trace  of  acetic  acid  in  excess.  It  is  then  heated  in  a  water- 
hatli  to  151°  F.,  when  all  albumen  will  be  found  insoluble 
in  the  form  of  a  white  coagulum,  surrounded  )iy  a  reddish 
fluid.  The  latter  is  separated  by  filtration  from  the  precipi- 
tate, and  ^ain  heated  in  the  water-bath ;  when  near  the 
boiling  point,  a  second  coagulation  of  globutine  and  haenia- 
tine,  in  reddish-brown  flakes,  will  demonstrate  the  presence 
of  these  bodies.  Both  teats,  when  presented  conjointly  by 
urine,  are  conclusive  evidence  of  the  presence  of  blood,  or  o£ 
an  equivalent  of  its  several  constituents. 

Pathological  indiralions. 

After  having,  in  the  introduction  to  this  chapter,  noticed 
the  general  indications  of  the  presence  of  blood  in  urine,  it 
hcrt^  remains  to  state  the  particular  conclusions  which  may 
be  drawn  from  this  morbid  ingredient  of  urine  under  various 
circumstances. 

Ma»t  frequently  tlif  preseace  of  blood  in  urine  is  a  symptom 
cf  the  first  or  acute  stage  of  those  diseases  of  the  kidney  which 
are  caused  by  t/ie  entrance  into  the  blood  of  a  specific  poison  ; 
such  as  acute  desquamative  nephritis.  The  blood  then  pro- 
cetnis  from  the  congested  and  ntpt\u^d  Malpighian  corpuscles, 
as  evidenced  by  the  following  facts,  which  staud  in  perfect 
ftccordance  with  physiological  reasoning. 

The  tubuli  conlorli  of  tbckidney»  are  frequently  found  f 
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of  blood,  in  cases  where  the  wrine  coutained  lilood  duriug 
life. 

The  capsules  are  also  filled  with  blood,  aud  the  Malpighian 
bodies  collapsed.  This  fact  was  first  aacertaiiied  by  Bowman,' 
and  established,  with  further  proofs,  by  Dr.  G.  Johnson.^ 

When  the  blood  thus  eft'use^  into  the  tubuli  is  quickly  dis- 
charged, either  by  a  contiiiuauce  of  the  hoemorrha^  or 
because  it  is  mixed  with  urine  or  much  serum,  it  will  appear 
in  the  uruie  after  emission  as  diffused  blood,  and  cause  the 
appearances  described.  But  when  the  blood  is  effused  in 
masses,  ao  as  to  fill  the  entire  lumen  of  the  tubule,  and  is  not 
actively  pushed  on,  it  may  coagulate  in  the  tubule,  and  make 
it  impervious,  or  at  a  later  period  may  be  dischai^ed  with  the 
urine  in  the  form  of  blood -cylinders,  which,  by  an  admixture 
of  epithelium  of  the  tubuli,  and  by  their  form — being  that  of 
casts  of  the  tubuli — show  their  origin  in  a  most  unequivocal 
manuer.  Together  with  these  cylinders,  there  are  mostly 
other  casts  present  in  the  urine,  charaeteriatic  of  the  affection 
of  the  kidney  which  produced  the  hicmorrhage.  In  some 
cases  the  poison  producing  hffimorrhage  from  the  kidneys  is 
a  very  tangible  one ;  in  the  case  from  which  the  blood-casts  of 
fig.  G,  on  plate  III,  were  taken  (case  sxxi  of  Dr.  Johnson], 
it  was  a  dose  of  half  an  ounce  of  turpentine.  In  other  cases 
it  is  a  poison  of  a  more  obscure  nature,  like  that  of  scarlatina; 
Dr.  Johnson  represents  a  Malpighian  body  and  cortortcd 
tubule  from  the  kidney  of  a  typhus  patient,  who  discharged 
large  quantities  of  blood  during  life ;  after  his  death  nearly 
all  the  tubuli  of  his  kidneys  were  found  injected  with  blood 
in  a  similar  manner. 

In  some  cases  of  scurvy  and  purpura  a  similar  hemorrhage 
occurs  from  the  kidneys.  When  the  blood-casts  remain  in 
the  tubuli  for  any  length  of  time,  tliey  become  much  altered, 
but  may  always  be  distinguished  from  epithelium  by  their 
peculiar  yellowish -brown  tint,  which  the  epithelial  casts  have 
not. 

The  presence  of  blood  m  (he  vrine  may  indicate  ulcerated 
cancer  of  the  kidney.  In  this  case  the  quantity  of  blood  may 
be  large  or  small,  and  may  coagulate  in  the  ureters  or  in  the 
bladder.  In  advanced  stages  of  the  disease,  pus  and  ence* 
phaloid  matter  is  mostly  present  iu  the  uriue,  thus  charac- 
terising the  hiemorrhage. 

The  presence  of  blood  in  Ike  urine  matj  be  due  to  the  mecha- 
nical effects  of  renal  concretions,  or  to  nlceratioa  set  up  in  Ike 
pelves  and  calyces  of  the  kidn^a  by  these  bodies.     The  most 
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genersl  srmptom  of  gravel  in  the  tddoeys  is  oteanstoru,  in- 
creased by  every  kind  of  esertion.  The  nature  of  tlie  hse- 
morrhage  is  aometimcs  ascertained  by  the  presence  of  dcposita 
in  the  urine  on  its  being  passed — by  the  passage  of  gravel.  If 
the  ejTBptomB  of  renal  concretion  and  hseiuaturia  are  combined 
with  the  appearance  of  pns  in  the  urine,  it  ii>  probable  that 
ulceration  exists  in  the  pelvis  of  the  kidney.  In  these  cases 
the  diagnosis  is  ensured  by  the  local  symptoms. 

The  presence  of  blood  in  urine  is  indicalive  of  cerlaim 
di»ea»e»  of  the  bladder.  In  these  cases  the  local  symptomB 
appear  to  be  so  well  marked  that  there  is  not  much  tlifficnlty 
in  fixing  upon  the  soiu^re  of  tlie  hiemorrhage.  Thus  hajmor- 
rhoids  of  the  bladder  are  of  a  very  chronic  nature,  and  ap- 
pear in  jieriodical  fits,  like  (Hemorrhoids  per  anitm. 
observed  such  a  ease  for  several  years.  The  subject  of  t 
observation  was  a  lady.  Tlie  irritability  of  the  bladder  ii 
extreme ;  it  was  caused  first  by  the  venous  congestion ;  tl 
having  lasted  a  day  or  two,  blood  escaped  by  the  urine ;  clots" 
of  different  forms  and  sizes  remained  in  tlie  bladder,  or 
blocked  up  the  urethra,  requiriug  the  use  of  the  catheter; 
sfimetimes  they  required  manual  aid,  when  they  had  partly 
passed  the  urethra.  Thus,  even  after  the  hEemorrhage  I 
ceased  for  a  time,  the  clots  would  continue  to  be  passed,  a 
they  were  the  paler  the  longer  after  the  cessation  of  the  htB 
morrhage  they  escaped  from  the  bladder.  This  eonditioB* 
would  last  for  weeks,  with  frequent  intervals,  during  which 
no  hemorrhage  ensued.  Gallic  acid  in  large  doses  always 
removed  the  complaint  after  a  time.  The  patient  would  b© 
well  for  months,  until  a  new  attack  made  its  appearance;  J 
The  last  attack  occurred  during  a  severe  illness  from  scarlot 
fever,  of  which  the  aged  patient  eventually  died. 

StoTie  in  the  bladder  not  rar  fly  causes  hemorrhage  from  that^ 
organ ;  so  does  chronic  cystitis,  accompanied  hy  erosion  or 
superficial  ulceration.  I  observed  the  ease  of  a  fanner,  who 
consulted  me  for  severe  disease  of  the  bladder.  He  discharged 
an  alkaline,  fcctid  urine,  with  rags  of  pseudo- membranes, 
apiiearing  under  the  microscope  to  be  made  upof  fibrinewitKl 
pus-eells  closely  imbedded ;  on  some  occasions  he,  after  severe  ■ 
straiuing  and  retention  of  urine,  passed  a  membranous  bag, 
which,  when  suspended  in  water,  showed  itself  to  he  a  hollow 
membranous  sac,  a  perfect  cast  of  a  very  small  bladder.  With 
these  membranes  of  inflammatory  origin,  he  passed  clots  of 
blond,  and  fluid  blood  mixed  with  the  urine,  but  altered  con- 
siderably. 

Another  form   of  htsmorrhage  front  the  bladder  is  due  ta  J 
softening  rancer'um  gmn'llis  of  that  orgtin. 
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by  far  more  frequent  than  vesical  inemorrhoids,  and  its  pre- 
sence is  supposed  to  be  iudicatcd  by  every  hEemorrhage 
from  the  bladder,  in  the  opinion  of  some  authors,  who  doubt 
the  occurrence  of  hiemorrhoids  of  the  bladder. 

The  differential  diagnosis  of  these  cases  is  established  by 
the  collateral  and  local  symptoniB  of  each  case,  which  mostly 
are  so  marked  that  there  is  not  much  difBculty  experienced 
in  establishing  distinctions.  Happily,  where  it  is  difficiUt  to 
distinguish,  it  is  of  not  much  practical  importance  to  do  so, 
as  the  treatment  is  directed  agidnst  the  htemorrhage.  Whether, 
in  a  given  case,  this  proceeds  from  cancerous  growths  or 
from  hcemorrhoids,  is  indifierent,  as  gallic  acid,  or  any  other 
astringent,  will  suit  both  cases  equally  well.  The  different 
course  of  the  diseases  would  soon  establish  a  diagnosis.  But 
diagnosis  is  of  far  greater  importance  for  the  prognosis  of  a 
case  of  this  kind ;  and  as  the  latter  is  chiefly  the  service 
which  it  is  possible  to  render  to  the  patient,  for  the  purpose 
of  guiding  his  hygiene,  an  accurate  diagnosis  is  essential. 

The  prognosis  of  all  these  cases,  in  the  first  instance,  de- 
pends upon  the  natiire  of  the  disease,  of  which  the  effusion 
of  blood  is  a  symptom.  As  far,  however,  as  the  prognosis  is 
dejMJudent  upon  the  haimorrbage  itself,  we  may  say  that  it 
becomes  bad  in  a  direct  ratio  to  the  amount  of  blood 
discharged,  to  the  time  during  which  hcematiuia  continues, 
and  to  the  severity  of  the  symptoms  of  irritation  caused  by 
the  formation,  retention,  or  passage  of  clots  in  and  through 
the  urinary  passages.  Of  all  the  consequences  of  clots,  the 
formation  of  a  calculus  round  the  clot  as  a  nucleus  is  the 
moBt  severe,  and  also  the  most  rare. 


CHAPTER  XVIII. 


HJEMATINE,    OR    HiEMATOGLOBTJLINE. 


It  is  best  to  describe  this  substance  as  dissolved  blood-cor- 
puscles ;  for  it  is  in  fact  a  mixture  of  the  albuminous  fluid 
filling  the  corpuscles — globuline,  and  of  the  colouring  matter, 
which  may  be  obtained  in  crystals  under  certain  conditions 
— hsematocrystalline.  The  membranes  of  the  corpuscles  are 
either  dissolved  or  invisible  in  urine  where  haematoglobuline 
occurs ;  and  no  corpuscles  can  be  detected  by  the  most  care- 
ful searching  under  the  microscope. 

The  per-centage  of  the  elements  of  globuline  is  as  follows: 


Carbon     . 
Hydrogen 
Nitrogen 
Sulphur  . 
Oxygen    . 


54-5 
6-9 

16-5 
1-2 

20-9 

1000 


It  is  best  distinguished  from  albumen  by  its  point  of  coa- 
gulation being  at  199'  r  or  204*4°  F.,  while  that  of  albumen 
is  54°  F.  lower.  It  is  not  entirely  coagulated  by  heat  alone, 
but  the  presence  of  any  neutral  salt  of  the  alkalies  will  effect 
complete  coagulation.  It  is  so  intimately  mixed  with  the 
red  colouring  matter  proper,  or  hamatine,  that  it  includes 
the  entire  amount  of  this  substance  in  its  coagula.  On  boiling 
the  latter  with  alcohol  containing  some  sulphuric  acid,  hse- 
matine  is  dissolved,  and  forms  a  reddish-brown  solution  with 
the  alcohol. 

From  this  it  follows  that  the  distinction  between  the  pre- 
sence of  dissolved  blood,  and  that  of  hsematoglobuline  in 
urine,  is  very  marked.     For,  though  urine  may  contain  albu- 
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men  and  hsematoglobuline  at  the  same  time,  yet  they  must 
be  present  in  the  same  proportions  as  in  the  blood,  before  we 
can  say  that  they  are  due  to  hiemorrhagc,  and  consequent 
solvition  of  the  blood.  No  attention  has  hitherto  been  paid 
to  this  diatinction,  and  in  cases  where  the  urine  has  been 
bloodcoloured,  and  gave  a  coagulum  on  boiling,  the  pre- 
sence of  hEcmatoglobidine  has  been  assumed,  without  a 
question  as  to  the  probable  amonnt  of  albumen.  These  cases 
arc  therefore  not  qiiite  satisfactory  as  regards  the  distinction 
between  dissolved  blood  and  hiematDglobuline ;  a  distinction 
the  more  important,  as  blood  may  be  eflused  into  the  tubuli 
of  the  kidneys,  there  coagulate,  and  form  blood-casts.  These 
blood-casts  may  give  up  their  hiematoglohuline ;  and  thus 
what  really  was  a  hasmorrhage  may  appear  to  be  the  secretion 
of  fluid  hffimatoglohulinc.  The  blood-casts,  in  their  altered 
state,  are  then  frequently  only  expelled  from  the  kidneys  when 
all  traces  of  hfcmatoglohuline  have  long  disappeared  from 
the  urine.  Having  drawn  attention  to  this  point,  1  will  here 
quote  the  opinion  of  Vogel,'  regarding  the  presence  of  hse- 
matoglobuline  in  urine.  He  says  that  in  the  body  there  is 
a  constant  disintegration  of  blood-corpuscles  taking  place, 
whereby  haematoglobuline  is  set  free,  and  subjected  to  fur- 
ther changes,  Globuline  probably  serves  for  the  iiutrition  of 
the  muscles,  and  other  albuminous  tissues,  and  is  at  last  re- 
moved from  the  economy  in  the  form  of  urea  and  uric  acid. 
Hrematine  is  also  further  oxydised,  and  leaves  the  body  in 
the  form  of  biliary  and  urinary  pigment,  as  eholo-and  uro- 
hiematine.  In  health,  therefore,  h^matoglohuline  never 
passes  through  the  kidneys  with  the  urine.  But  when  there 
are  pathological  processes  going  on  in  the  bloo<l,  the  result 
of  which  is  a  wholesale  destruction  of  blood -corpuscles,  then 
the  quantity  of  pure  hseraatoglobuline  in  the  blood  becomes  so 
large,  that  it  cannot  all  be  subjected  to  the  normal  changes, 
and  it  seems  that  a  part  may  be  secreted  unchanged  by 
the  ordinary  channels  of  the  urine,  just  as  other  substances, 
such  as  sugar,  bile,  and  perhaps  albumen,  when  contained 
in  the  blood  in  excess,  may  pass  over  into  the  urine. 

This  explanation  Vogel  supports  by  the  following  observa- 
tion. A  professor  of  physics  baring  performed  an  experi- 
ment with  a  balloon  fuU  of  hydrogen,  breatiied  some  of  this 
gas,  wheu  emptying  the  balloon  of  its  contents  by  pressure. 
He  became  auddenly  very  ill,  but  soon  recovered,  and  after 
the  lapse  of  some  time  passed  a  urine,  which  was  black  like 
ink,  coagiUated  on  boiling,  but  contained  no  blood-corpuaclcs, 

■  'Semiolik.'p.  166. 
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when  csamined  under  the  microscope.  This  condition  of  the 
urine  lasted  for  about  twenty-four  hours.  It  waa  found  that 
the  hvdrogicu  used  for  the  experiment  contained  arseniuretted 
hydrogen.' 

Without  in  the  least  douhting  the  correctness  of  Professor 
Vogel's  observation,  n»  far  as  it  goes,  I  cannot  help  expressing 
my  opinion  that  the  disintegration  of  blood -corpuscles  in  the 
circulation  is  by  no  meauB  established  by  it.  On  the  con- 
trary, other  observations  of  similar  cases  tend  to  make  it 
probable  that  the  complaint  caused  by  the  breathing  of  arse- 
niuretted hydrogen,  as  it  exhibits  itself  in  the  urine,  is  really 
hiemorrhago  &om  the  capillaries  of  the  kidneys.  Thus,  in  the 
case  which  has  been  related^  by  Dr.  Schlinder  of  Greifensberg, 
deep  reddish-brown  urine,  mixed  with  clots  of  blood,  was  dis- 
charged. In  the  case  reported  by  Dr.  O'Reilly,'  however, 
there  was  first  bloody  urine,  succeeded  by  suppression  of 
urine,  after  which  the  face  became  copper- coloured,  and  the 
rest  of  the  body  greenish ;  symptoms  probably  indicating  the 
presence  of  free  hseraatoglobuline  in  the  blood.  As  matters 
stand  at  present,  there  may  be  both  hiemorrhage  from  the 
Malpighian  bodies,  and  subsequent  disintegration  of  the 
effused  corpuscles,  and  also  disintegration  of  the  corpuscles 
in  the  blood,  and  subsequent  discharge  of  the  solution.  The 
explanation  by  way  of  haemorrhage  is  only  more  probable,  and 
supported  by  collateral  observations,  and  by  the  observations 
on  the  behaviour  of  blood-casts,  which  do  not  appear  to  have 
l)een  mentioned  by  Professor  Vogel. 

This  author  also  observed  that  a  dog,  after  haring  breathed 
a  quantity  of  arseniuretted  hydrogen,  dischai^ed  a  blackish- 
brown  urine,  which  contained  a  large  amount  of  hEemato- 
globuline. 

In  typhus,  blood  is  not  rarely  discharged  by  the  kidneys. 
Vogel,  however,  observed  a  case,  in  which  there  was  only 
luematoglobuliue  present,  no  trace  of  blood-corpuscles  being 
diacovcrable  by  the  microscope.  This  happened  during  the 
acme  of  the  disease,  and  disappeared  after  a  few  days ;  from 
which  time  the  patient  gradually  rallied,  and  made  a  i)erfect 
recovery.  I  hope  not  to  be  found  too  sceptical,  if  I  extend 
to  this  case  the  doubts  mentioned  above.  The  observations 
of  Meckel,  Iloschl,  and  Planer,*  quoted  by  Vogel  in  support 

'  lilem,  ia  '  Archiv  du  Vereina  Tiir  gemeiDMhafllidie  Arbeilen,'  Bd.  i,  Heft  3, 
p.  2(19. 

*  Buahaer'i  '  Bepertorium  (uT  die  rbarmicie.' Ixix,  271,  pu/r  ChrltliioD,  'On 
Poiion*,'  4lh  t<lit„  p.  3Z6. 

>  '  Dublin  loum.  of  Ihe  Med.  Sc.,' 


Aerilfl,'  1851.  pp.  lii  inJ  SSO, 
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of  his  opiuiou,  undoubtedly  prove  that  an  excess  of  a  granular 
pigment  may  accumulate  in  the  blood  in  consequence  of  a 
copious  destruction  of  blood -corpuscles  ;  but  the  very  fact  of 
thiis  (altered  aud  insoluble)  pigmeut  accumulating  in  the 
blood,  and  causing  dangerous  Bj-niptoms,  particularly  in  the 
brain,  by  blocking  up  the  capillary  vessels,  shows  that  the 
formation  of  an  excess  of  free  hiem&toglobuliue  in  the  blood 
stands  in  no  necessary  connection  with  its  discharge  by  the 
kidneys, .  For  how  could  hEematoglobuline  accumulate  in 
the  blood,  if  it  were  secreted  at  the  rate  observed  in  Vogel's 


Pathological  indications. 

Leaving  the  question  undecided  for  the  present,  whether 
the  destruction  of  blood- corpuscles  in  the  cases  under  con- 
sideration takes  place  in  the  blood  or  elsewhere,  the  destruction 
itself  is  certainly  indicated  by  the  appearance  of  hsemato- 
globuline  in  the  urine.  Under  all  circumstances  this  is  a 
sign  of  severe  lesion  ;  but  it  admits  of  a  favorable  prognosis, 
if  it  is  limited  to  a  certain  short  time,  after  wliich  it  docs  not 
reappear,  as  in  the  above  cases.  But  when  it  is  a  symptom 
of  severe  scorbutic  or  septic  disorders,  it  is  a  sign  of  great 
danger  to  the  life  of  the  patient.  Suppression  of  the 
urine,  and  discoloration  of  the  skin,  when  following  the 
discharge  of  urine  rich  in  hffimatoglobuline,  are  also  very 
unfavorable,  and  are  forerunners  of  a  fatal  termination  of 
the  case. 


CHAPTER  XIX. 
riBRINE.     CHTLOTJS  UEINI!.    riBEDJOUS  CASTS. 


FiBBiSE  is  anatomically  well  characterised  by  its  sponta- 
neoiiB  coagulation,  Of  its  chemical  properties  little  is  known, 
if  we  except  the  per-centic  elementary  composition,  which  is 
almost  identical  with  that  of  albumen  and  caseine.  Bechamp 
has  prodjiced  urea  from  fihrine  by  oxydizing  agents,  so  that 
the  ultimate  fate  of  fibrine  appears  to  be  determined. 

When  fibrine  occurs  in  urine,  it  always  coagulates  at  some 
time  or  other  after  having  left  the  circulation.  It  may  be- 
come insoluble  already  in  the  urinary  tubules,  and  then 
constitute  the  various  descriptions  of  casts  of  those  tubules — 
the  common  products  of  certain  diseases  of  the  kidneys.  In 
other  cases,  not  absolutely  connected  with  disease  of  the 
kidneys,  the  fibrine  may  be  kept  in  solution  in  the  urine 
until  its  arrival  in  the  bladder,  and  then  coa^lating  may  give 
occasion  to  difficulty  in  passing  the  uriue.  It  may  also  keep 
in  solution  until  the  uriue  ha.s  stood  for  a  time  after  its 
emission,  and  then  coagulating,  may  assume  the  shape  of  the 
vessel  iji  which  it  happened  to  be  at  the  time. 

When  such  coagiilatlng  urine  contains  fat  in  appreciable 
quantities,  and  is  thereby  made  turbid  and  opaque,  like  milk, 
it  is  termed  chylous  uriue.  This  coagulating  or  chylous 
urine  establishes  a  very  different  prognosis  from  urine  con- 
taining fibrine  in  caste,  or  in  large  coagula  assuming  the 
shape  of  the  vessel  formed  after  emission,  and  denoting 
acute  disease  of  the  kidncrs. 


Chylous  Urine. 

This  description  of  urine  is  of  very  rare  occurrence  in  Eu- 
rope, about  half  the  number  of  cases  on  record  having  been 
observed  in  natives  of  hot  climates  (East  ajid  West  Indies, 
Mauritius,   Barbadoe-J,  Brazil),   or  in  individuals  who  had 
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resided  for  many  years  in  hot  climates.  The  most  accurate, 
aiid  at  the  sume  time  the  must  extensive,  obecivatiuns  ou 
this  descriptioQ  of  urine,  have  been  made  by  Or.  Bence  Joaea,* 
on  whose  results  I  have  mainly  based  the  foUowing  descrip- 
tion. 

The  properties  of  so-called  chylous  urine  are  due  to  the 
aiimixtui-e  of  certain  coustitueiita  of  the  blood,  which  is  itself 
the  effect  of  some  peculiar  disease  of  the  kidneys.  The  urine 
which  ia  secreted  under  the  influence  of  that  disease  is  cha- 
racterised by  the  presence  of  cither,  or  several,  or  all  of  the 
following  abnormid  ingredients. 

Red  blood-corpmcles,  frequently  mixed  with  some  white 
ones.  They  may  be  entangled  in  fibrinous  coagula,  or  form  a 
deposit  on  standing.  In  either  case  they  are  easily  diagnosed 
by  the  microscoiw. 

Fibritte  occurs  in  shreds  and  films,  inclosing  blood- 
globules,  which  rise  to  the  top  of  the  fluid  on  standing,  and 
remain  on  the  filter,  through  which  the  urtue  may  be  passed. 
Blood-globules  frequently  pass  through  the  filter.  When 
the  fibrine  occurs  as  a  single  coagulum,  it  may  be  small  and 
partial,  and  occupy  the  centre  of  the  vessel  as  a  contracted 
mass,  like  the  coagulum  of  the  blood  in  its  semra.  On  other 
occasions  the  whole  of  the  urine,  already  in  the  bladder,  or  in 
the  vessel  into  which  it  has  just  been  passed,  coagidates  into  a 
tremulous  mass,  which,  when  fatty,  is  like  blanc  mange,  and 
asBumes  the  shape  of  the  vessel. 

The  coagulum,  in  both  instances,  particularly  if  it  be 
broken  up  by  agitation,  gradually  separates  into  two  portions 
— a  fluid  or  serous  portion,  more  or  less  opalescent  or  milky, 
like  the  urine  itself,  and  wliich,  when  left  at  rest  for  a  few 
hours,  frequently  throws  up  a  sort  of  creamy  matter  on  its 
surface;  and  a  very  delicate  fibrinons  mass,  small  in  com- 
parison with  the  original  bulk  of  the  coagidated  mass,  of  a 
ttcsh-like  appearance,  and  generally  tinged  more  or  less  of  a 
red  colour,  from  the  preaeuce  of  blood-corpuscles. 

Albumen  may  be  present  in  very  small  or  very  large  ([uan- 
tities.  It  is  then  demonstrated  by  the  usual  tests — boiling 
and  nitric  acid. 

Albuminoid  matttr — imperfect  albumen  of  Prout— I  have 
met  with  in  apparently  normal  urine  of  the  patient  whose 
case  has  been  so  fully  described  by  Dr.  B.  Jones.  The  urine 
gave  no  reaction  for  albumen,  but  yielded  an  abundant  pre- 

'  ■  MnlicO'Cliirnrgicil  Tnmsct.,'  toI.  ixxdi,  tSSO.  '  Philoaophiul  Traouct.,' 
1860,  |«rt  ii,  p.  6S1.  For  earlier  obiervktioiu  ttt  Prout,  ■  Stomacli  »nd  Urinwjr 
DiBe*iea,'3d  edit„p.  1)2,  and  Dr,  T  IJlliolKin,  'Med.  TImm  and  Gsz.,' Sept. 
llf,  1857,  p.  2118.    Tbe  aoatom;  of  »  cue  bu  been  recorded  by  Dr.  Fric*Ue]P. 
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cipitale  with  tannic  acid.  This  acid  does  not  produce  any 
'precipitate  in  healthy  urine.  The  albuminoid  matter  was 
not  gelatine,  as  it  did  Qot  gelatinize  when  the  urine,  after 
evaporation  on  the  water-bath,  was  allowed  to  cool. 

Fatty  wifl//er«,— Tlicir  presence  is  the  cause  of  the  milky 
turbidity  which  may  exist  in  all  degrees  &am  a  pale  opales- 
cent white  or  amber,  permitting  the  transmission  of  some 
light  through  layers  not  exceeding  an  inch  in  thickness,  to 
milk-white,  and  quite  inipen-ioua  to  hght. 

In  this  description  of  urine  there  are  seen  floating  under 
the  microscope  myriads  of  infinitely  minute  particles ;  globulea 
of  oil  arc  only  rarely  met  with.  The  minute  particles  are 
Bcarcely  resolvable  under  a  power  of  420. 

This  milky  urine,  when  digested  with  its  bulk  of  ether,  on 
repose  yields  three  layers— an  upper  ethereal  solution,  be- 
neath this  a  thin  lilmy  layer  of  albumen  precipitated  by  tJie 
ether,  and  lowest  the  now  almost  perfectly  clear  urine,  con- 
taining some  ether  in  solution.  The  upper  ethereal  solu- 
tion, alter  the  ether  has  been  removed  by  distillation  from 
a  balloon  in  the  water-hath,  leaves  the  fatty  matters  adhering 
to  the  bottom  of  the  balloon.  These  matters,  when  digested 
with  water  for  some  time  at  the  ordinary  temperature,  sepa^ 
rate  into  oily  drops,  which  collect  on  the  surface  of  the 
water,  and  maiuly  consist  of  oleic  acid;  and  into  a  solid 
matter  remaining  at  tlie  bottom  of  the  vessel,  but  when  dis- 
turbed likewise  floating  in  water,  and  having  the  properties 
of  margaric  acid.  On  being  warmed  with  a  solution  of 
phosphate  of  soda  (2NaO,  IIO,  POj  +  iilAq)  this  latter  acid 
easily  forms  a  permanent  emulsion,  a  property  not  possessed 
by  neutral  fate  or  oleic  acid.  The  margaric  acid  is  peculiarly 
dissolved  (emulscd)  without,  ou  standing,  collecting  on  the 
surface  of  the  solution.  On  boiling  the  above  drops  of  oleic 
acid  with  solution  of  phosphate  of  soda,  a  slight  emulsion  is 
obtained,  due  to  some  margaric  acid  dissolved  in  the  oleie; 
but  the  oleic  acid,  on  repose,  collects  again  ou  the  top  of  the 
solution  in  the  same  drops  in  which  it  hail  been  added.  Pot 
this  diagnostic  test  I  am  indebted  to  Or.  Marcct. 

Pathology  ofso-callcil  Chyhug  Urine. 

The  urine  lb  oftener  fatty  when  the  patient  subject  to 
disease  lives  on  an  animal  diet  than  when  he  eats  a  more 
vegetable  one.     It  is  most  clear  before  breakfast,  and 
fatty  after  dinner.     It  is  oftener  free  from  fat  before  breok- 
fiiBt,  when  the    diet   b   vegetable,  than    when   it   consists 
more  of  animal  food.     Fat  passes  off  in  the  urine  after  food 
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is  taken,  yet  the  albumen  and  fibrine  and  lilood-globiJes 
are  thrown  out  before  any  food  haa  been  taken.  During 
perfect  rest  the  albumen  ceaaes  to  be  etcreted,  and  it  does 
not  appear  in  quantity  in  the  urine  even  after  food  is  taken, 
provided  there  is  perfect  rest.  The  disease  of  the  kidneys 
permits  libriuc,  al1)unien,  globules,  and  salts  to  pass  when- 
ever the  circulation  through  the  kidneys  is  inereased ;  if,  at 
the  same  time,  fat  ia  present  in  the  blood,  it  escapes  also  into 
the  urine.  A  short  time  after  rising  early  the  urine  may 
coagulate  Bpontaneousty,  although  no  fat  is  present  in  per- 
ceptible quantity,  and  this  may  happen  before  any  food  is 
taken.  More  frequently,  however,  the  urine  coagulates  after 
food,  and  when  fatty  at  t!ie  same  time.  The  albuminoid 
substance  is  present  ui  uriue  containing  neither  fibrine,  nor 
albumen,  nor  globules,  nor  fat ;  in  short,  in  urine  which 
hitherto  would  have  been  considered  perfectly  normal. 

The  prognosis  of  these  cases  is  favorable,  in  so  far  as  the 
disease  may  last  for  a  long  time  without  terminating  the  life 
of  the  patient.  But  liia  sufferings  are  great  and  variable ; 
and  though  Dr.  B.  Jones  succeeded  in  perfectly  curing,  for  a 
time,  and  still  benefiting  his  patient  by  regime  and  the  in- 
ternal administration  of  gallic  acid,  yet  all  tbe  experience 
hitherto  recorded  makes  doubtful  the  prospects  of  a  final  cure. 


Ftbriae,  the  produce  of  acute  disease  of  the  kidneys,  coagulating 
qfter  excretion. 

This  description  of  fibrine  is  essentially  a  symptom  of 
acute  desquamative  nephritis.  It  is  therefore  mostly  mixed 
with  a  little  blood,  but  the  amount  of  fibrine  is  so  large  that 
there  can  be  no  question  as  to  its  being  due  to  exudation 
and  not  to  haemorrhage. 

A  case  of  this  kind  was  observed  by  Vogel.  The  urine  of 
a  woman  labouring  imder  Brighfs  disease  was  found,  for  a 
length  of  time,  to  form  a  pale  pink-coloiued  coagulum  of 
fibrine  at  the  bottom  of  the  vessel  regularly  a  few  hours 
after  emission.  The  coagulum  contained  numerous  pus-cor- 
puscles and  few  blood -corpuscles ;  the  latter  being  so  scarce 
that  the  blood,  which  they  represented,  could  never  have 
yielded  the  entire  amount  of  fibrine. 

The  indications  of  the  coaguta  of  fibrine  being  the  produce 
of  well  marked  ante  disease  of  the  kidneys  are  not  very  well 
kuown,  as  the  number  of  cases  of  this  kind  hitherto  obser\'ed 
has  been  too  limited  to  admit  of  general  deductions. 

16 


CHAPTEE  XX. 
CASTS   OF    UKENIFEROUS  TUBUI^ES. 


AtTttOvnu  fibrine-casU  might  iritli  propriety  have  been 
fiilly  dcscriltcd    in    the   former  chapter,   where   they   were 
merely  wivcrteil  to,  yet  it   has  been  thought  expedient  to  J 
urraiigc  them  with  tho»e  deecriptioDsof  casts  of  the  Beliiniukl 
tubules,  the  material  of  which  is  not  absolutely  fibrine,  but  1 
Bametime*  a  fibrinoid  substance,  insoluble  in  acetie  acid,  Mid  ' 
partaking  of  the  properties  of  colloid  matter.     Besides  the 
eiMts  to  be  described  in  the  present  chapter,  we  have  yet 
blood-casts,  already  described  at  p.  231,  and  pus-easts,  the 
des(Tij>tion  of  which  nill  be  reserved  for  the  chapter  on  pUB. 
The  pentiiicuity,  which  by  this  arrangement  may  be  wanting 
to  the  text,  will  be  suppbed  by  the  plates,  where  all  varieties 
of  easts  are  represented  in  close  proximity,  and,  I  hope,  dia- 
gnostic intelligibility. 

When  the  tibrine,  or  colloid  matter,  which  in  the  course  of 
certmn  diseases  of  the  kidneys  exudes  through  the  walls  of 
the  Malpighian  l>u(lics,  coagulates  io  the  urinary  tubules,  itj 
BSMumt^t   llie  shape   of  these  tubules  and  forms  casts.     Wefl 
have  to  distinguish  several  descriptions  of  casta,  according  toW 
the  degree  of  the  disorder  which  causes  their  formation,  and 
acLxinliug  to  the  condition  in  which  the  fibrine  or  colloid 
matter  finds  the  tubule  on  being  effused  into  it.     The  sim- 
plcHt  ease  is,  that  fibrine  is  etfiised  into  the  tubule,  there 
coagulates,  separates  from  the  epithelial  walls  by  a  e 
contraction,  and  is  expelled  in  the  form  of  a  homogei 
byidnid  cast  of  small  cUameter.     But  when  the  epithelium  o 
the  tuhules  manifcjits  a  tendency  to  separate  from  its  b 
ment  membrane,  and  fibrine  is  exuded  into  the  cavity  oft) 
tubules,  the  latter  elitsely  Imbeds  the  epithelial  cells  into  il 
Ruhstonee,  and,  on  subsequent  contraction  taking  place, 
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cast  of  mixed  (ibrine  and  ei>ithelitina  thus  formed,  is  narrow 
enough  to  be  removed  through  the  channel  of  the  tubule,  and 
IB  found  in  the  urine  as  a  cast  of  the  diameter  of  the  urinary 
tubules,  or  of  medium  diameter.  WTien  the  fibrine  or  colloid 
matter  effused  into  the  tubules  finda  an  epithelium,  which  in 
conaequenee  of  former  or  chi-onie  disease  is  imperfectly  con- 
stituted, granular  or  fatty,  a  graonlar  or  fatty  cast  of  medium 
diameter  is  formed.  But  when  there  ia  no  epithelium  left  in 
the  urinary  tubule,  when  the  basement  membrane  is  for  the 
greater  pwi  or  wholly  naked,  then  the  plastic  matter  forms 
a  homogeneous  hyaloid  cast  of  eonsiderable  diameter,  con- 
taining little  or  no  granular  matter. 

The  nature  of  the  renal  diaeasea,  of  which  the  formation 
of  these  casts  is  an  essential  symptom,  has  been  elucidated 
by  Dr.  ticorge  Jolmson,  in  his  masterly  treatise  on  the 
diseaaea  of  the  kidneys. 

Casta  of  small  diameter. 

IntratHbular  casts.- — These  transparent  cylinders,  by  their 
small  diameter  and  complete  absence  of  epithelium,  manifest 
themselves  to  be  formed  within  the  lumen  of  the  epithelium 
of  the  tubuli,  which  dues  not  desquamate  during  the  forma- 
tion of  the  casts.  The  diameter  of  the  casts,  little  more  or 
leas  than  ToVn^^  of  an  inch,  corresponds  to  the  lumen  of  the 
canal,  which  ia  left  in  the  asis  of  an  ordinary  tuhnle. 

Their  smooth  and  glistening  surface,  compared  by  Dr. 
Beale  to  a  piece  of  the  elastic  lamina  of  the  eomea,  is  very 
characteristic.  They  may  be  so  pale  and  destitute  of  shadows, 
that  they  are  entirely  overlooked  in  a  strong  light.  But 
when  tinted  with  a  little  dilute  tincture  of  iodine,  or  with  a 
solution  of  iodine  in  iodide  of  potassium,  they  become  much 
more  distinct  by  the  reddiah-brown  colour  produced,  par- 
ticularly when  the  light  reflected  through  the  microscope  is 
moderated  by  means  of  the  diaphragm.     (Fig.  5,  PI.  IV.) 

Castt  <if  medium  diameter.     T^gth  of  an  inch. 

Epithelial  easts. — The  fibrine  which  has  been  exuded  by 
the  Malpighian  bodies  has  coagulated  in  the  tubules,  and 
entangled  in  its  anbatauce  more  or  leas  of  the  epithelium 
of  the  tubules,  and  other  substances  accidentally  present 
in  their  canals,  such  as  blood -corpuscles,  and  crystals  of 
several  substances,  e.  g.,  oxalate  of  lime.  Some  free  epithe- 
lium, in  pieces  or  single  cells,  is  always  mixed  with  these 
casts,   as  the  tendency  of  the  epithelium  to  desquamate  is 
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evidently  a.  feature  not  depeuileiit  upou  the  ciFusion  of  fibrine. 
It  is,  however,  doubtful  whether  the  desquamation  of  the 
epithelium  in  tubular  maasea  does  take  place  without  the 
effusion  of  fibrine  into  its  central  canal.  I  have  never  seen 
casts  consisting  of  the  cpitheliam  only ;  and  in  deposits  whCTe 
such  casts,  very  similar  to  the  tulnilar  pieces  of  epithelium 
obtained  by  scraping  from  the  cut  surface  of  a  healthy  kid- 
ney, were  preacnt  in  abundance,  I  always  discovered  a  lai^ 
number  of  casts,  consisting  clearly  of  fibrine,  with  only  a  few 
epithelial  cells  imbedded.  By  this  observation  I  will  by  no 
means  deny  that  casts  consisting  of  the  epithelium  only  may 
occur,  as  has  been  asserted  by  other  obsen'ers.  (Figs.  3,  4, 
PI.  III.) 

Dr.  Beale  has  met  with  easts  of  medium  diameter,  contain- 
ing well  formed  dumb-bell  crystals  of  oxalate  of  lime.  These 
casts  were  found  in  the  urine  of  a  patient  sufi'ering  from 
cholera.  In  the  same  specimen,  also,  several  octahedra  of 
oxalate  of  lime  were  present,  but  these  latter  were  not  en- 
tangled in  the  casts.' 

Granular   caste. — When   the   epithelium   of  the   urinary 
tubule  has  been  destroyed  by  chronic  disease,  it  assumes  the  ' 
form  of  granular  matter,  and  as  such  is  entangled  with  the 
matter  deposited  in  the  tubes.     (Fig.  3,  PI.  IV-) 

This  deposit  is  always  accompanied  by  granular  matter  not 
in  the  form  of  easts ;  so  that  there  also  the  question  arises, 
whether  the  degenerated  epithelium  is  desquamated  without  J 
the  aid  of  cylinders.  This  ean  only  be  decided  by  long  and  j 
careful  observation.  It  cannot,  however,  be  doubted  that 
the  effused  matter  materially  assists  in  quickly  removing 
desquamated  epithelium,  by  the  contraction  which  it  under- 
goes soon  after  coa^latioii ;  a  process  by  wliich  the  epithe- 
lium, when  entangled,  (s  completely  separated  from  the 
basement  membrane,  and  the  cast  is  enabled  to  pass  the 
tubule,  pressed  onwards  by  the  continued  secretion  and  exu- 
dation from  the  Malpighian  bodies,  anil  perhaps  by  aome 
contractile  action  of  the  matrix  of  the  kidney. 

Casta  containing  fatty  matter.— These  casta  are  of  different  ] 
diameters,  but  more  generally  of  the  medium  diameter. 
They  are  formed  in  tubules,  the  epithelium  of  which  is  in  a  I 
state  of  fatty  degeneration.  The  casts  may  be  hyaloid,  witl^  J 
only  a  few  oil-globules  imhedded  in  their  substance ;  or  they  T 
may  entangle  some  epithelial  cells,  filled  with  oil,  showing  i 
that  the  fat  is  formed  in  the  interior  of  the  epithelial  cells : 
or  the  fat  may  be  present  in  large  quantities.  Free  fatty  ■ 
cells  are  always  present.  (Fig.  4,  PI.  IV.) 
'  'Th»M*croicrti)c,'r.  a07. 
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Casts  of  conMderable  diameter,     jjgth  of  an  inch. 

Tiie  diameter  of  these  casts  is  nearly  equal  to  that  of  the 
urinary  tubules  in  which  they  have  been  formed.  They  are 
motitly  perfectly  transparent,  hyaloid,  of  a  glistening  aspect, 
resembhug  in  appearance  the  surface  of  was  as  it  cools  after 
having  been  melted,  which  similarity  caused  Dr.  Johnson  to 
term  them  "  wasy."  They  rarely  include  much  ^anular 
matter  in  their  substance,  owing  to  the  very  cause  of  their 
lai^e  size  being  the  total  absence  of  epithelium  from  the 
basement  membrane  in  which  they  are  moulded.  When 
granular,  however,  in  one  part,  and  hyaloid  in  the  other, 
they  arc,  perhaps,  not  always  of  the  largest  size.  SometimeB 
they  may  contain  a  few  epithelial  cells.  Dr.  Beale  has  ob- 
served and  figured  casts  of  considerable  diameter,  which  were 
composed  of  a  material  in  the  interior  differing  from  that 
which  formed  the  circumference  of  the  casts.  With  these 
large  casta  the  Mcdimcut  mostly  contains  granular  casts  of 
medium  diameter,  and  granular  dihrU  of  degenerated  epithe- 
lium of  the  tubules.     {Fig.  6,  PI.  IV.) 

Pathological  indications  of  Casts  of  Uriniferous  Tubules. 

The  presence  in  the  urine  of  inlratiibular  hyaloid  casts 
indicates  a  chronic  disease  qf  the  kidneys,  lemted  non-desqua- 
mative  nephritis,  which  is  caused  by  a  vitiated  condition 
of  the  blood.  As  the  expulsion  frtim  the  organism  of  poi- 
sons causing  this  and  similar  diseases  of  the  kidneys  is 
mostly  effected  by  a  process,  in  which  desquamation  of  the 
epithelium  of  the  urinary  tubules  plays  an  important  part, 
the  fact  of  the  epithelium  not  being  cast  off  is  an  unfavorable 
symptom,  indicating  the  retention  of  the  poison  in  the 
blood.  These  casta,  therefore,  where  they  form  the  entire 
built  or  f^ater  part  of  a  urinary  deposit,  must  excite  serious 
apprehension  for  the  ultimate  welfare  of  the  patient. 

The  presence  in  the  urine  of  epithelial  casts  is  a  symptom  of 
a  disease  of  the  kidneys,  caused  by  tlie  entrance  into  the  blood 
of  a  morbid  substance — a  poison — the  elimination  of  which  is 
effected  by  these  organs.  The  poisons  of  cantharidea,  tur- 
pentine, scarlatina,  and  cholera  are  illustrations  of  this.  In 
all  the  diseases  caused  hy  these  poisons,  their  elimination 
through  the  kidnevs  is  accompanied  by  a  process,  of  which  the 
desquamation  of  the  epithelium  of  the  urinary  tubules  is  an 
essential  part.  The  presence  of  epithelial  casts  in  urine  for  a 
limited  period  of  time  is  therefore  a  favorable  symptom  of 
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the  affection  of  the  kidneys^  as  exhibited  by  other  symptoms^ 
and  indicates  that  the  poison  is  being  actively  eUminated. 
But  when  the  epithelial  casts  become  mixed  with  much  blood 
or  pus^  or  when  the  desquamation  has  a  tendency  to  become 
of  a  chronic  nature^  from  the  causes  continuing  to  influence 
it^  then  it  becomes  an  unfavorable  symptom  in  proportion  to 
its  duration. 

The  granular  casts  are  indicative  of  chrome  desquamative 
nephritis,  and  of  degenerated  condition  of  the  epithelium  of 
the  urinary  tubules.  These  casts  and  the  casts  containing 
fatty  matter  are  frequently  found  in  gouty  subjects^  and 
then  give  rise  to  an  unfavorable  prognosis.  The  prognosis  is 
better  in  cases  where  the  chronic  desquamative  nephritis  is 
the  sequel  of  the  acute  process. 

Tfie  casts  containing  fat  or  fatty  epithelium  are  most  fire- 
quently  the  sequel  of  non-desquamative  disease  of  the  kid- 
neys^ and  indicate  the  presence  of  fatty  degeneration  of  the 
kidneys  in  the  so-called  granular  form. 

The  casts  of  considerable  diameter  may  occur  in  all  diseases 
of  the  kidneys,  and  may  therefore  accompany  all  different  de^ 
scriptions  of  casts  described.  The  presence  of  these  casts  is 
under  all  circumstances  evidence  that  there  are  Bellinian 
tubules  totally  deprived  of  their  epithelium.  Their  impor- 
tance as  a  pathological  indication  is  therefore  in  a  great 
measure  dependent  upon  the  nature  of  the  affection,  in  the 
course  of  which  they  have  been  deposited. 


CHAPTER  XXI. 
ALBUMEN. 


The  composition  of  albumen,  as  it  occurs  in  tlie  blooil, 
very  Bimilar  to  that  of  wliite  of  cgga. 
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Wc  possess  no  chemical  formula  or  symtml  for  albumen,  as 
its  rational  composition  is  unknown.  Aceordiug  to  the  quan- 
tity"of  sulphur,  white  of  eggs  must  contain  more  than  90, 
and  albumen  of  blood  more  than  1 10  equivalents  of  carbon,* 
Notwithatauding  this,  the  chemical  characters  of  both  de- 
scriptions of  albumen  are  so  much  alike,  that  it  is  difficult  to 
distinguish  them  by  chemical  tests. 

Albumen  is  formed  iu  plants,  and  introduced  into  the 
animal  economy  as  food ;  it  there  undergoes  certain  modi- 
Hcations,  serves  the  purposes  of  the  economy,  and  becomes 
disintegrated,  leaving  the  body  mostly  in  the  form  of  urea. 
But  when  albumen,  as  such,  is  discharged  iu  the  urine, 
this  is  a  sign  of  severe  disease  of  the  blood  Or  of  the 
kidneys. 

Oenerat  characters  of  Albumen. 

Albumen  occurs  in  a  soluble  and  an  insoluble  modification. 

The  former    is  prescut  in   all    the    fluids   of   animal    and 

vegetable  bodies,  and  may  be  transformed  into  tlic  latter  by 

'  Strecker,  Dr.  A.,  '  Kuiza  Lchrbuch   der  organucben   Clicmie,'  2le   Anil. 
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boiling  with  water,  or  by  contact  with  ahsolute  ftloohol,  acidc  _ 
or  alkalies.  The  soluble  modificatioD  may  be  obtaiucd  in  a 
Bolid  state  by  evaporating  the  solution  at  a  temperature  not 
exceeding  50°  C.  (122°  F.),  or  by  drying  in  vaato  over 
Biilphiiric  acid.  It  is  a  yellowish  transparent  mass,  of 
rSll  specific  gravity,  which  swells  up  with  water,  and,  after 
a  time  dissolves.  It  has  an  alkaline  reaction,  and  contains 
about  5  per  cent,  of  free  alkali  and  salts,  whicli  may  be 
partly  removed  by  washing  with  water,  as  tbey  dissolve  quicker 
than  the  albumen  itself.  The  albumen,  thus  freed  from 
alkalies,  is  insoluble  in  pure  water. 

The  iusolublc  modification  of  albumen  is  a  flaky  or  lumpy 
mass,  without  taste  or  smell,  insoluble  in  water,  alcohol,  and 
ether,  soluble  in  dilute  caustic  alkali  by  the  aid  of  o  gentle 
heat,  from  which  solution  it  may  Ijc  precipitated  by  the 
addition  of  an  acid.  The  precipitate  is  changed  in  some 
degree,  having  lost  part  of  its  sulphur,  which  is  sometimea 
evolved  in  the  form  of  sulphuretted  hydrogen.  The  insoluble 
modification  is  also  soluble  in  concentrated  acetic  acid  and 
common  phosphoric  acid;  and  in  these  solutions  a  precipitate 
is  produced  by  ferrocyanide  and  ferricyanide  of  [wtassium.  It 
is  soluble  in  veri/  dilute  mineral  acids,  or  at  least  is  transformed 
into  a  jelly-like  mass;  the  addition  of  a  larger  amount  of 
acid  to  these  solutions  produces  a  precipitate.  Concentrated 
hydrochloric  acid,  or  sidphuric  acid  somewhat  dilute,  or  a 
mixture  of  concentrated  hydrochloric  acid  and  some  sidphuric 
acid,  dissolve  the  insoluble  modification  of  albumen  forme<l 
by  the  aid  of  heat,  and  decomposes  it.  When  this  solution  is 
boiled,  and  the  air  has  free  access  to  it,  it  becomes  indigo- 
bluc,  or  of  a  violet  colour,  which  soon  changes  into  brown. 
Concentrated  nitric  acid  imparts  a  deep-yellow  colour  to 
Bolid  albumen,  when  the  mixture  is  gently  warmed.  A  solu- 
tion of  mercury  in  nitric  acid  [containing  salts  of  the 
Buboxyde  and  of  the  protoxyde,  Strecker),  which  is  made  by 
dissolving  one  part  of  mercury  in  two  parts  of  nitric  acid,  con- 
taining 4J  eiiuivalcnts  of  water,  and  having  a  specific  gravity 
of  1  '41  (Neubauer) ,  imparts  a  saturated  red  colour  to  albumen 
in  the  solid  or  dissolved  state,  when  the  mixture  is  warmed 
to  140°  or  212°  P.  The  colour  is  uot  removed  by  the  influence 
of  the  air,  or  by  protracted  boiling.  This  is  said  to  be  the 
most  delicate  test  for  albumen  (Neubauer).  On  this  I  must 
remark  that  it  is  not  applicable  to  the  urine,  as  three  different 
precipitates  are  formed  in  it  by  this  mercurial  solution ;  one 
of  the  subosyde  with  chlorine  (calomel) ,  one  of  the  protoxyde 
with  urea,  and  one  of  the  albumen  with  the  free  nitric  acid  of 
the  mercurial  solution. 
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These  precipitatea  obscure  the  red  colour  so  much,  that 
frequently  only  a  fawu  or  pale-red  colour  remains,  and  that 
only  when  the  coagulated  albumen  is  tranaferred  into  a  second 
quantity  of  mercurial  solution, 

A  solution  of  iodine  in  ioduretted  hydrof;cn,  or  in  iodide  of 
potassium,  imparts  a  brownish -yellow  colour  to  albumen. 
When  mixed  with  strong  sulphuric  acid  and  a  solution  of 
sugar,  albumen  yields  a  solution  which  is  red  at  firet,  oud 
afterwards  assumes  a  violet  colour. 

When  heated,  albumen  begins  to  melt  at  higher  tempera- 
tures, and  is  decomposed,  the  mass  swelling  up,  charring,  and 
evolving  an  odour  of  burnt  horn.  When  subject  to  the  pi-o- 
cessea  of  destructive  distillation,  or  allowed  to  putrefy, 
albumen  yields  a  variety  of  substances,  among  which  formic, 
acetic,  benzoic,  and  some  fatty  acids,  may  be  mentioned. 
Two  crystallized  substances  of  pathological  signihcauce  are 
also  obtained^leucine  and  tyrosine.  Wlien  albumen  is  di- 
gested with  permanganate  of  potash,  urea  is  obtained  as  one 
of  the  products  of  the  osydation. 

When  a  solution  of  albumen  is  precipitated  with  basic 
acetate  of  lead,  the  precipitate  washed,  and  suspended  in 
water,  and  carbonic  acid  is  now  passed  through  the  mixture, 
the  albumen  is  redissolved  together  with  a  little  lead,  which 
may  be  removed  by  sulphuretted  hydrogen.  The  filtered  solu- 
tion, on  evaporation  at  a  temperature  not  exceeding  50° 
C.  (122°  F.),  leaves  solid  soluble  albumen,  wliich  is  free  from 
mineral  constituents,  and  has  an  acid  reaction  when  dissolved, 
as  it  contains  some  acetic  acid. 

When  the  temi>erabire  of  a  solution  of  albumen  in  water 
is  raised  to  GO"  C,  (140°  F.),  it  begins  to  get  turbid  in 
the  upper  strata,  and,  on  the  temperature  being  raised  to 
7i5°  C.  (107'  F.),  the  albumen  coagulates  in  large  flakes, 
which  become  the  more  compact  the  higher  the  tem- 
perature is  raised,  or  the  longer  the  boiling  is  protracted. 
The  more  dilute  a  solution  of  albumen  is,  the  higher  is 
the  temperature  which  it  requires  for  coagulation.  The 
free  alkali,  which  is  in  combination  with  the  albumen, 
requires  to  be  neutralized  before  boiling,  by  means  of 
acetic  acid,  otherwise  a  part  of  the  albumen  will  remain 
in  solution,  unaffected  by  any  temperature.  The  addition 
of  alkali  to  a  solution  of  albumen  may  prevent  its  coagulation 
by  heat. 

During  the  coagulation  of  albumen  from  the  egg,  an 
evolution  of  sulphuretted  hydrogen  takes  place.  This  is  not 
the  case  when  albumen  from  the  blood  is  coagulated. 

Solutions  of  albumen  are  precipitated  by  the  addition  of 
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alcohol ;  strong  Bpirits  of  wine  transform  the  albumeD  into 
the  insoluble  modification ;  dilute  spirits  of  wine,  however, 
precipitate  it  without  change.  Creosote,  amliuc,  and  other 
products  of  destructive  distillation,  coag;idate  albumen.  Most 
mineral  acids  precipitate  solutious  of  albumen.  (The  tribasia 
phosphoric  acid  is  an  exception  to  this  rule.)  The  precipitate 
contains  the  acid  employed  in  combination  with  coagulated 
albumen.  Tins  precipitate  is  soluble  in  a  larj^  excess  of 
water,  so  that  if  we  attempt  to  free  it  from  the  acid  by 
washing  with  water,  it  is  almost  entirely  dissolved.  Most 
organic  acids — for  example,  acetic  acid — do  not  precipitate 
albumen.  A  solution  of  albumen,  however,  slightly  acidu- 
lated with  acetic  acid,  and  then  diluted  with  a  lai^e  bulk  of 
water,  or  mixed  with  a  concentrated  solution  of  chloride  of 
sodium,  yields  a  precipitate  of  albumen.  When  gently 
warmed  with  an  alkali,  the  soluble  modification  is  trans- 
formed into  the  insoluble  one,  but  remains  dissolved  in  the 
alkali,  from  which  it  may  be  precipitated  by  acetic  acid. 
Most  salts  of  the  oxydes  of  the  heavy  metals  yield  precipitates 
with  solutions  of  albumen.  The  precipitation  by  corrosive 
sublimate  may  be  mentioned  prominently  as  usefid;  when 
sublimate  does  not  produce  any  precipitate  in  urine,  in 
which  we  have  to  determine  urea  by  means  of  the  mer- 
curial solution,  wc  may  be  sure  that  no  albumen  is  pre- 
sent, likely  to  interfere  with  the  correctness  of  the  ana- 
lysis. 

A  solution  of  albumen  causes  a  turning  of  the  plane  of 
polarization  towards  the  left. 

The  albumen  of  the  blood  is  not  precipitated  by  dilute 
sulphuric  acid,  yields  no  sulphuretted  hydrogen  on  coagula- 
tion by  heat,  and  contains  less  sulphur  than  the  albumen  of 
eggs.  In  all  other  respects  Ijoth  descriptions  of  albumen  are 
pretty  nearly  identical. 

Diagnosis  of  Albumen  in  Urine. 

Coagulation  by  heat. — Care  being  taken  that  the  urine  have 
a  slightly  acid  reaction,  naturally  ur  by  the  aid  of  some  acid,  - 
as  acetic  acid,  the  albumen  will  coagulate  at  a  temperature  of 
from  60°  to  100°  C.  {IW  to  212°  F.) 

A  precipitate  of  earthy  phosphates  cannot  be  mistaken  for 
one  of  albumen,  because  it  is  soluble  in  a  drop  of  almost 
any  acid  {nitric,  acetic,  hydrochloric,  or  phosphoric) ;  be- 
cause it  never  forms  into  flakes,  as  the  albumen  does,  on 
protracted  heating  or  ebullition ;  and  because  it  rediseolves 
on  cooling ;  when  formed  under  the  influence  of  heat. 
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There  is  tliis  caution  to  be  observed — that  an 
any  acid  beyond  the  amount  necessary  for  neutralizing  the 
free  alkali  of  the  albumen,  will,  on  boiling,  or  without  it  in 
very  dilute  solutions  of  albumen,  keep  a  certain  proportion  of 
it  ill  solution,  just  aa  the  precipitate  of  albumen  and  nitric 
acid  dissolves  in  an  eseess  of  water.  A  slight  turbidity  from 
albumen,  produced  by  boiling,  may  therefore  disappear  on 
the  addition  of  a  drop  of  acetic  acid.  This  test  seems  to 
have  been  considered  by  Heller'  as  the  reaction  of  a  rao<lificd 
albumen,  but  it  is  probably  only  the  reaction  of  a  very  dilute 
albiuucn. 

If  the  urine  is  alkaline,  and  the  amount  of  albumen  con- 
tained in  it  is  small,  it  will  not  be  coagulated  by  boiling.  If 
the  amount  of  albumen  be  larger,  a  part  corresponding  to  the 
amount  of  free  alkali  will  be  kept  in  solution. 

Nitric  acid  test. — The  addition  of  nitric  acid  to  albuminous 
urine  causes  a  white  precipitate  of  a  compound  of  nitric  acid 
and  albumen.  This  test,  if  used  with  certain  precautions,  is 
extremely  delicate  and  handy.  I  can  strongly  recommend 
the  proceeding  advocated  by  Heller.'  A  small  conical  glass 
is  filled  to  two  thirds  of  its  height  with  urine,  and  some  nitric 
acid  is  then  allowed  to  flow  along  the  wall  of  the  glass 
towards  the  bottom,  where  it  collects.  It  mixes  with  some 
unuc,  and  forms  a  clear  reddish,  mostly  dark  stratum  of  fluid. 
If  albumen  is  present,  there  will  be,  lying  immediately  on  the 
acid,  a  turbid  layer  of  a  precipitate,  so  strongly  distinguished 
both  from  the  acid  and  the  supernatant  urine,  that  it  caimot 
easily  be  overlooked.  When  the  amount  of  albumen  is  very 
small,  the  precipitate  sometimes  appears  only  after  a  few 
miinites,  or  becomes  more  distinct ;  but  after  standing  longer, 
it  difi'uscs  in  the  fluid.  But  in  most  cases  it  appears  readily 
and  distinctly. 

The  addition  of  nitric  aeid  to  some  descriptions  of  urine 
may  cause  a  precipitate  of  uric  acid.  In  the  few  cases  in 
which  I  have  met  with  this  precipitate  (cases  (»f  scarlet  fever 
during  the  acme),  it  consisted  of  the  hydrate  of  uric  aeid,  as, 
on  heating,  the  urine  became  speedily  clear,  and  now  was  full 
of  uric  acid  crystals.  Under  the  mieroseope  the  precipitate 
was  amorphous,  transparent,  in  jelly-like  masses,  which  when 
left  to  themselves  quickly  agglomerated  into  crystalline  forms. 
This  precipitate  in  c^ery  respect  corresponds  to  that  ob- 
tained by  throwing  a  solution  of  urate  of  soda  into  hydro- 
chloric acid  of  the  ordinary  temperature.  When  the  hydro- 
chloric acid  is  previously  made  hot,  the  uric  acid  obtained  is 
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not  jelly-like  and  hydrated,  but  crystalliKed,  and  with  only 
two  equivalents  of  water.  lu  correspoudeucc  with  these 
facts,  the  urine  gave  uo  precipitate  of  fawn-eolourcd  hjdnitc 
of  uric  acid  with  nitrie  acid,  when  it  waa  heated  before  the 
addition  of  the  acid,  aud  the  crystals  formed  quickly  in  a 
clear  fluid.  It  is  very  improbable  that  urates  should  be  pre- 
cipitated from  tlieir  solution  in  urine  by  nitric  acid.  But 
whether  this  precipitate  be  made  up  of  urates,  as  Heller 
believes,  or  of  uric  acid,  as  in  the  above-mentioned  cases,  not 
only  the  characters  described  by  me,  hut  also  some  described 
by  Heller,  readily  distinguish  it  from  albumen.  For 
the  precipitate  resting  on  the  clear  layer  of  acid,  when 
made  up  of  uric  acid  or  urates,  diffuses  in  cloudy  streaks 
through  the  entire  stratum  of  supernatant  urine,  which 
the  precipitate  of  albumen  never  does.  And  if  in  one 
and  the  same  urine  both  albiunen  and  uric  acid  are 
precipitated  by  nitric  acid  in  the  manner  described,  then 
the  layers  of  the  mixture  arc  bo  arranged,  that  upon  the 
lowest  clear  layer  of  acid  the  layer  of  albumen  follows ;  upon 
this  there  is  another  layer  of  clear  urine ;  and  uppermost 
floats  a  stratum  of  imne  wliich  is  turbid  from  clouds  of  uric 
aci<l  (or  urates) . 

Qaantitij  of  Alb/imen  in  Urine. 

It  is  sometimes  useful  to  know  the  quantities  of  albumen 
which  a  patient  Iobcs  with  his  urine.  The  amount  of  lesion 
in  the  blood  and  kidneys  may  be  approximately  determined 
by  this  analysis,  when  all  other  symptoms  are  taken  iuto 
consideration. 

A  measured  quantity  of  filtered  urine — 50  e.c.  when  much, 
100  e.c.  when  little  albumen  is  present— are  most  carefully 
neutralized  or  stightty  acidulated  by  means  of  dilute  acetic 
acid.  They  are  then  put  into  a  Florence  flask  ;  the  flask  is 
placed  in  a  water-bath,  and  the  water  is  kept  boiling  for 
some  minutes,  until  the  thermometer,  when  placed  in  the 
fl  ask,  indicates  that  the  temperature  of  the  urine  lias  risen  to 
alx)ve  194"  F,  When  thcunue  has  contained  little  albumen, 
the  flask  may  be  taken  out  of  the  watt.-r-bath,  and  placed 
over  the  free  tire,  and  the  urine  heated  to  ebullition.  The 
coagula  are  then  collected  on  a  filter  of  known  weight,  washed, 
and  dried,  first  in  the  water-hath,  afterwards  in  the  air-bath, 
until  no  farther  loss  of  weight  takes  place.  The  amount  of 
dry  albumen  thus  found,  wlien  multipUcd  by  tho  total  amount 
of  urine  dischai^ed  in  a  given  time,  and  compared  with  the 
known  amount  of  albumen  in  the  serum  of  the  blood,  gives 


us  the  key  to  the  puthulogical  dcductiuns  as  to  the  nature 
aud  amount  uf  the  lesion,  of  which  the  cxudatiou  of  albumeu 
is  a  symptom. 


Pathological  indicatianit. 

Leading  out  of  consideration  all  cases  where  the  urine  is 
albuminous  from  the  presence  of  blood,  pus,  or,  perhaps, 
though  rarely,  from  an  admixture  of  semen,  the  presence  of 
albumen  in  the  urine  indicates  a  pathologicat  condition  of  the 
kidneys,  of  a  temporary,  chronic,  or  permanent  nature.  The 
most  elementary  condition  coming  under  this  head  is  that  of 
stasis  of  the  blood  in  the  capillary  vessels,  commonly  called 
congestion.  We  know,  from  experiments  on  animals,  that 
compression  or  ligature  of  the  renal  veins  causes  albumen  to 
appear  in  the  urine.  We  know  that  pnralysis  of  the  vascular 
and  other  nerves  of  the  kidneys,  wliich  enter  with  the  artery, 
by  temporary  constriction  of  the  artery,  or  by  complete 
division,  a  tube  being  inserted  to  keep  up  the  circulation,  has 
the  same  eifect.  We  know,  moreover,  that  a  vitiated  con- 
dition of  the  blood  will  make  it  unfit  to  pass  the  capillary 
vessels,'  and  thus  produce  stasis  in  the  kidneys.  It  is  very 
probable  that  this  is  the  mode  of  action  of  most  thuretics, 
such  as  cantharides,  turpentine,  digitalis,  and  others,  by 
which  indeed  albiunen  and  blood  may  be  made  to  appear  in 
the  urine ;  and  this  is  also  the  most  probable  explanation  of 
the  wpy  in  which  the  specific  poisons  of  scarlatina  and  allied 
diseases,  and  of  typhus,  gout,  and  rheumatism  affect  the 
kidneys.  In  all  these  diseases,  or  in  certain  stages  thereof, 
albumen  in  the  urine  is  of  more  or  less  common  occurrence. 
We  are  acqu^dnted  with  some  other  morbid  conditions  of  the 
blood,  artificial  or  the  consequences  of  disease,  not  being  due  to 
the  introduction  of  a  poison,  which  cause  stasis  in  the  kidneys 
and  albumen  in  the  urine.  Thus  the  injection  of  large  quan- 
tities of  water  into  the  blood,  or  a  watery  condition  of  the 
blood  in  the  course  of  disease,  with  diminution  of  the  albumen 
of  the  blood,  known  by  the  name  of  hydfEcmia  and  hypal- 
buminosis,  will  cause  albumen  to  appear  in  the  urine.  The 
injection  of  dissolved  albumen  into  the  blood  has  also  some- 
times had  the  same  effect.  But  whether  in  these  cases,  as 
after  injection  of  water,  and  the  ligature  of  the  abdominal 

1  The  irgunitiita  regxrdini;  Ihcse  condilioni  of  the  blood,  ind  Ihcir  conse- 
quences, have  been  so  fully  put  forlh  by  IJr.  Jobnaon  in  hit  lieatiie  an 
'  Cholera,'  tlist  I  am  induced  to  call  llie  ittcnlion  of  the  reaiier  to  the  deductioos 
tliere  arrWed  at.  Sr^e  alio  mj  paper  nii  the  Cause  of  the  £ii]|iliaew  of  the 
Arteries  iider  Death,  in  the  '  Assoc.  Med.  Jouruil.' 
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aorta  below  tlie  origin  of  tlie  renal  arteries,  tlie  appearance  of 
albumen  is  due  to  increased  presanre  of  the  blood  in  the  vas- 
cuJar  system,  or  to  the  vitiated  condition  of  tlie  blood,  or  to 
both  causes,  remains  to  be  decided. 

Under  all  circumstances,  however,  the  immediate  cause 
of  the  exudation  of  albumen  tlu^ugh  the  kidneys  is  in- 
creased pressure  of  the  blood  in  the  Malpighian  bodies, 
whereby  these  bodies  expand,  and  allow  a  certain  amount 
of  albumen  to  pass  tlirough  their  tissue.  When  the  pressure 
becomes  greater,  rupture  of  the  arteries  is  the  necessary  con- 
seqncnce. 

The  appearance  of  albumen  in  the  nrine  is  of  very  variable 
siguificauce,  according  to  the  nature  of  tlie  disease  in  the 
course  of  which  it  happens.  It  is  most  common  in  those 
diseases  which  find  a  local  expression  in  the  degenerations  of 
the  kidneys  comprised  under  the  name  of  llright's  disease, 
but  which  more  lately  have  been  appropriately  classifictl 
according  to  their  anatomical  and  symptomatic  natures. 
The  appearance  of  albumen,  when  due  to  any  of  tliese 
lesions,  is  always  qualified  by  other  symptoms,  )>articu]arty 
the  appearance  of  the  fibrinous  casts  described  in  a  former 
chapter. 

In  the  course  of  some  diseases  albumen  may  appear  in  the 
urine  for  a  single  day,  or  for  several,  or  for  many  days ;  and 
may  disappear  without  leading  to  anatomical  lesions  of  the 
kidneys.  Thus  in  typhus  albumen  is  not  unfrequently  found, 
particularly  during  the  acme.  I  have  observed  albumen  in 
the  urine  from  acute  cases  of  rheumatism.  A  girl,  aged  15 
years,  was  affected  by  violent  rheimiatic  fever.  On  the  worst 
day  of  the  illness,  when  most  joints  of  the  limbs  began  to 
swell,  slie  only  discharged  60  c.c.  of  urine  in  twenty-four 
hours,  which  was  dark  red  and  highly  albuminous,  without 
blood  or  casts,  I  have  found  albumen  in  several  cases  of 
acute  and  clironic  rheumatism;  in  the  latter  particularly 
when  an  acute  attack  was  threatening.  In  a  case  of  hyper- 
trophy of  the  heart  I  found  albumen  in  scanty  urine ;  and 
there  being  no  evidence  of  organic  lesion  of  the  kidneys,  the 
case  was  most  successfully  treated  by  diuretics,  A  similar 
experience  in  cases  of  typhus,  pneumonia,  and  rheumatism, 
makes  it  probable  that  these  remedies,  though  increasing  the 
stasis  for  a  day,  and,  perhaps,  acting  in  another  way  by 
increasing  the  secretory  actirity  of  the  kidneys  without 
causing  mere  stasis,  are  the  very  remedies  to  remove  the 
cause  of  the  original  stasis,  namely,  the  poison  in  the  blood. 
And  though  1  |)crlcetly  agree  with  the  o[)inions  condemnatory 
of  the  indiscriminate  IreatJnenl  of  renal  dropsies  by  diuretics, 
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yet  T  cannot  join  in  the  ^ucral  outcry  against  these  reme- 
dies, and  their  exhibition  in  certain  stages  of  these  diseases. 
For  1  have  known  patients  saved  who  were  in  a  soporose  con- 
dition, and  nearly  moribund,  by  a  strong  diuretic,  whicli  was 
administered  with  a  full  consciousness  of  the  effect  it  would 
have  upon  the  patient's  kidneys.  And  though  the  kidneys  were 
made  worse  for  a  day,  yet  the  patient  was  got  over  the  critical 
l)eriod,  and  time  was  gained  to  bring  other  remedies  into 
0(»eration,  under  which  the  aggravated  condition  of  the  kid- 
neys abated,  and  the  patient  was  saved. 

Albumen  in  the  urine  of  patients  labouring  under  an 
acute  attack  of  gout  is  also  common.  Albumen  in  the  urine 
of  gouty  and  rheumatic  patients  seems  to  me  to  indicate 
that  the  disease,  should  it  become  of  a  chronic  nature, 
has  a  tendency  to  produce  those  morbid  conditions  of  the 
kidneys  known  as  chronic  desquamative  dipcaKe,  chronic 
purulent  disease,  wasting  and  fatty  kidney,  in  the  course 
of  which  the  epitheliimi  of  the  tubidi  disappears,  or  de- 
generates fatty,  or  granular,  as  evidenced  by  the  appearance 
of  hyaloid,  fatty  or  grantdar  fibrinous  casts. 

Many  researches  wilt  yet  be  required  to  bring  the  symp- 
toms of  diseased  action  into  coimeotion  with  the  anatomical 
lesion  of  the  kidneys,  and  the  latter  in  connection  with  the 
causes,  local  or  geueral,  giving   rise  to  them.     But  we  are 
_  on   a    progressive  route   in  this    direction,  and   many  ap- 

^  pearances    augur    success  to   patliologieal   forays   in   these 

I  r^ions. 


CHAPTER  XXlI. 


PUS. 


The  diagnosis  of  pus  in  urine  rests  upon  the  presence  of 
pus-corpuscles,  to  be  ascertained  by  the  microscope,  and  upon 
the  tests  for  albumen,  as  the  presence  of  pus  invariably  miJces 
the  urine  albuminous. 

When  pus  is  present  in  ordinary  acid  urine,  even  in  small 
quantities,  it  always  forms  a  deposit,  the  corpuscles  subsiding 
towards  the  bottom  of  the  vessel,  while  the  albuminous  liquor 
remains  dissolved  in  the  fluid.  The  deposit  is  easily  diffused 
by  agitation,  but  soon  settles,  first  like  a  cloud  in  the  lower 
strata  of  the  urine,  afterwards  again  to  the  bottom  of  the 
vessel.  When  pus  is  present  in  larger  quantities,  it  forms 
clouds  in  the  lower  strata  of  the  urine. 

Pu8-corpuecles, 

These  bodies  are  nucleated  cells,  and  do  not  differ  in 
structure  and  reaction  from  the  white  cells  of  the  blood  or 
lymph-corpuscles.  In  shape  they  are  more  or  less  globular, 
and  hence  are  called  pus-globules.  Their  diameter  varies 
between  tAo^^  andTVaoth  of  an  inch.  The  nucleus,  single 
or  compound,  is  always  present,  and  if  not  visible  at  once, 
may  be  made  so  by  chemical  agents.  The  outlines  of 
many  corpuscles  are  only  faintly  visible,  better  in  a  dull 
light  than  when  illuminated  too  strongly.  Many  corpuscles 
have  a  granulated  appearance,  from  matter  deposited  in  the 
interior  of  the  cell.     (Fig  8,  PL  V.) 

When  brought  into  contact  with  water,  the  corpuscles 
swell  up  and  become  pale;  and  their  outline  is  rendered 
indistinct.  The  granular  appearance  mostly  disappears,  but 
the   nuclei   and  nucleoli   become  visible  or  more  distinct. 
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Acetic  acid  and  dilute  mineral  acids  cause  the  corpuscles  to 
become  pale  and  swell  up,  and  the  ceU-mrmbranc  frequently 
hursts  under  their  influence,  or  disappears  altogether.  The 
nuclei  are  then  set  free,  and  exhibit  their  variable  size,  shape, 
and  composition. 

When  pu8-glohules  are  introduced  into  a  concentrated 
solution  of  any  neutral  salt  of  the  alkalies,  such  as  sulphate 
of  soda,  the  cndo-  and  exosmotic  changes  cause  the  globules  to 
collapse ;  to  assume  irregular,  star-like,  angular  appearances ; 
and  to  become  granular,  so  as  to  appear  as  if  covered  with 
granules.  The  nucleus,  under  this  treatment,  mostly  dis- 
appears in  part  or  altogether.  Similar  changea  arc  produced 
by  these  solutions  on  corpuscles  which  have  been  previously 
treated  with  acetic  acid  or  water.  When  the  nuclei  have 
been  made  invisible  by  solutions  of  salt,  the  addition  of 
acetic  acid  will  not  always  ailerwarda  make  them  visible 
again. 

When  treated  with  caustic  alkalies,  the  pus-globules  are 
disintegrated,  almost  entirely  destroyed,  and  on  the  addition 
of  water  are  dissolved  almost  entirely,  merely  leaving  a  small 
gelatinous  residue,  in  which  some  light  and  dark  points  are 
to  be  distinguished.  If  a  deposit  of  pus  from  urine  is  agitated 
with  an  equal  quantity  of  liquor  potassie,  it  forms  a  dense 
translucent,  gelatinous,  or  mucous  mass,  ofteu  so  solid,  ac- 
cording to  Dr.  G.  Bird,  that  the  tube  can  be  inverted  without 
any  escaping.  Similar  changes  are  induced  by  the  carbonate 
of  ammonia  formed  from  urea  during  the  decomposition  of 
urine.  The  deposit  of  pus  then  becomes  viscid,  and  so  very 
much  resembles  mucus  that  it  is  not  rarely  mistaken  for  it. 
Tlie  globules  disappear,  being  transformed  into  a  gelatinous 
mass.  Dr.  G.  Bird  affirms  that  t'lC  addition  of  acetic  acid  to 
this  viscid  urine  will  convert  the  mucous  mass  into  a  white 
granular  deposit. 

Urine  containing  pus  is  mostly  slightly  alkaline,  and,  as  I 
have  already  stated,  always  albuminous.  When  the  quantity 
of  pus  is  very  small,  the  albumen  may  escape  detection,  and 
the  corpuscles  being  found  as  a  sediment  may  induce  the 
belief  that  pus  might  be  present  without  albumen.  But  when 
the  albumen  is  coagulated  by  boiling,  it  may,  though  not 
visible  to  the  naked  eye,  yet  be  seen  with  the  microscope. 
For  if,  to  the  urine  thus  boiled,  some  solution  of  iodine  in 
iodide  of  potassium  is  added,  and  the  mixture  is  allowed  to 
rest  for  a  while,  we  find  shreds  and  floeculent  membranes, 
coloured  brownish-red,  in  the  lower  strata  of  the  fluid,  when 
they  are  brought  under  the  microscope. 

17 


Pathoiogieai  indication*. 

I'hc  prrtHrncc  of  pus  in  the  arine  indicates  snppuration  iu 
Mjmc  iiart  of  thf  aritiary  oi^na  or  adjoiuiiig  regions.  But 
tliv  dingiiiMiiH  of  %\ie.  Hcut  of  that  suppuration  in  in  practice 
frenueiitiv  •iirrounded  with  great  diffieulty.  The  princip^ 
pntnolf>^cal  conditions  which  may  give  rise  to  the  appearance 
of  put)  in  the  urine  arc  the  following. 

I'unilifnt  dufour  iif  the  kidneys.  Suppurallre  nephritis. — 
ThiH  diHenM;  in  Moriictiniea  the  se(|ucl  of  uon-deBqnaniativc  or 
desquamative  nephritis,  and  then  licgins  with  the  appearance 
of  iiitra-cpithclial,  small,  or  large  iiitra-membranoue  fibrinous 
CftHtH,  coiitaiiiiTig  piis-corpuitclca.  But  when  the  basement 
menibratic  of  the  tuhuli  becomes  destroyed,  the  pus  no  longer 
awumen  the  shape  of  easts,  but  is  simply  miscd  with  the 
urine.  In  this  manner  one  or  both  kidneys  may  be  dc- 
Htroyed.  When  no  liistory  of  the  case  ia  known,  and  no  puru- 
lent caats  are  found,  these  cases  sometimes  remmn  ol^curc 
for  a  period.  If  the  discharge  of  pns  in  albuminous  urine 
continues  repilarly  for  a  length  of  time,  even  without  local 
or  gctwra]  symptoms,!  think  that  purulent  nephritis  Is  pret^ 
Bure  U>  exiHt.  {I'l.  IV,  figs.  1  and  2.) 

Inflammation  of  the  mucous  membrane  of  the  pttvis  qf  the 
Hdiiey,  or  pyelitis,  in  consequence  of  retention  of  urine  from 
various  causes,  as  taught  by  surgery,  may  cause  pus  to  appear 
in  tlie  urine.  The  presence  of  concretions  in  the  pelves 
and  calyccB  may  have  the  same  effect.  Tlie  relative  symp- 
toms culture  the  appearance  of  pus  to  be  assigned  to  its  proper 
cause. 

When  the  pus  comes  from  the  nretem,  its  formation  is 
mostly  lu'compauiwl  by  i)ain  along  the  course  of  these  organs. 

/h  the  bladder,  pus  iruiy  form  under  various  circmnstanecs. 
Many  (iiHeasrs  of  the  kianevs  cause  by  the  altered  quality  of 
the  uri  uo  irritation  of  the  bfadder,  and  an  increased  discharge 
of  niueuK.  There  is  no  iliffcrcnee  between  mueiis- and  pus- 
coq)UselcB,  if  cnnsiderctl  singly  :  it  is  therefore  natural  that 
the  line  where  mucus  ends  and  pus  begins  is  not  very  dis- 
tinct, at  least  to  our  present  means  of  diagnosis.  The  dia- 
liuetion  in  of  no  great  importance  if  the  locality  of  the 
formation  ia  known  to  be  the  bladder ;  which  it  is  easy  to 
know,  as  local  symptoms  are  seareety  ever  absent  when  the 
bIwUlcr  id  the  scat  of  even  superficial  and  eccoudarv  irri- 
tation. Catarrh  of  the  bladder,  in  eonsequcncc  of  alkaline 
urine  and  its  various  causes  as  enumerated  under  that  head, 
is  one  of  the  conditions  to  be  mentioned.     It  always  ae- 
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"coinpanies  stone  in  the  bladilcr,  and  is  a  frequent  consequence 
of  lithotrity. 

The  pus  may  have  its  origin  in  the  uret/ira,  as  in 
gonorrhoja,  and  its  frequent  sequel,  stricture.  In  these 
cases,  particularly  those  of  the  former  class,  pus  may  always 
be  obtained   from    the    urethra  without  the    admixture  of 

In  females  the  urine  may  have  au  iwlmisture  of  pus  from 
the  vagina  or  the  uterus. 

Abscesses,  which  sometimes  form  iu  the  pelvis,  the  sub- 
peritoneal cellular  tissue,  in  consequence  of  puerperal  fever, 
or  other  lesions,  such  as  gun-ahot  wounds,  may  open  into 
any  part  of  the  urinary  passages.  I  have  observed  such  acase 
in  an  unmarried  woman,  where  a  i>ehic  abscess  discharged 
itself  entirely  by  way  of  the  bladder. 

When  an  abscess  has  become  encased,  without  opening, 
the  pus- corpuscles  imdergo  fatty  degeneration.  We  then 
find  the  cetls  larger,  transparent,  and  filled  with  numerous 
fat-granules.  The  membranes  are  soou  destroyed,  and  we 
see  the  few  granular  cells  left  over  imbedded  into  a  mass  of 
albumen  and  granular  fat,  from  broken-up  cells.  When  this 
description  of  pus,  which  has  the  colour,  consistence,  and 
odour  of  cream,  is  mixed  with  the  urine,  it  gives  it  a  perfectly 
milky  appearance.  This  admixture  of  pus,  which  may  occur 
in  the  course  of  certain  forms  of  purulent  nephritis  (as  in  the 
ease  described  by  me  in  the  '  Association  Medical  Journal ' 
for  April  26,  1850),  must  not  be  mistaken  for  chylous  urine. 
Another  miatake  here  to  be  referred  to  is  that  of  Lehmann, 
who  interprets  all  cases  of  chylous  uritic  as  purulent  urine 
metamorphosed  by  alkalinity. 

Vogel  has  drawn  attention  to  the  importance  of  observing 
the  particular  shape  of  the  pus-corpuscles.  Quite  normal 
pus-corpuscles  of  a  perfectly  circular  outline,  which,  after 
treatment  with  acetic  acid,  exhibit  the  characteristic  nucleus, 
composed  mostly  of  two  or  three  nucleoli,  admit  of  the  concln- 
sion  that  the  disease  giviug  rise  to  their  formation  is  of  a  mild 
form — a  simple  catarrh  of  the  mucous  membrane.  But  when 
the  pus-corpuscles  are  irregular  in  form  and  outline,  and  on 
treatment  with  acetic  acid  show  an  irregular  nucleus,  or  au 
indistinct  granular  mass  in  their  interior,  or  when  such  cor- 
puscles are  mixed  with  irregular  debris,  not  particularly 
defined,  then  purulent  destruction  is  evident,  and  the  integrity 
of  the  organ  where  this  formation  takes  place  is  in  great 
danger,  or  lost  altogether.  Such  pus  would  be  the  product 
of  tilceration  and  tuberculosis. 


VE  already  described  the  appearatiecs  of  t 
normal  ingredient  of  iirinc,  and  here  only  reciir  to  the  sub- 
ject for  the  purpose  of  mentioning  a  few  points  in  the  diag- 
aosis  of  muciiB  from  pus,  particularly  when  the  mucus  is 
present  in  excess. 

Chemical  characters  of  Mucus. 

SometimcB  it  is  possible  to  obtain  pure  mucu^  by  filtration, 
free  from  epithelial  elements ;  it  is  then  a  glass-like  mass, 
almost  invisible  under  the  microscope.  It  does  not  coa^- 
late  by  heat,  but  by  the  addition  of  alcohol.  The  precipitate 
is  soluble  in  water.  Acetic  acid  precipitates  flaky  masses, 
not  soluble  in  an  excess  of  acid.  Mineral  acids  give  precipi- 
tates, easily  soluble  in  an  excess  of  acid.  I  have  frequently 
used  hydrochloric  acid  for  liquefying  tough  mucus,  and 
making  it  fit  to  pass  a  filter.  Gallic  acid  aud  basic  acetate 
of  lead  precipitate  the  solutions  of  mucus  ;  neutral  acetate  of 
lead,  alum,  and  corrosive  sublimate  cause  a  turbidity. 

The  analysis  of  mucus  yields  the  following  result : 

Carbon  .  52-1 

Hydrogen  ...  70 

Nitrogen  .  12-5 

Oxygen                          .  28-4. 

1000     (Strecker.) 

Physical  characters  of  Mucus. 

Mactu  is  tough  and  ropy  ;  when  urine  in  which  it  is  con- 
tained is  filtered,  it   remains  on  the  filter,   rarely   passing 
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mrough  it.  After  drying,  it  forms  a  glistening  membrane, 
like  its  prototype,  the  mucus  on  the  track  of  snails.  Its 
diagnosis  is  always  ensured  by  the  number  of  epitlielial  cells 
imbedded  in  its  substance.  But  should  there  be  any  doubt 
whether  there  be  any  mucus  in  a  microseopic  specimen  or 
not,  the  addition  of  a  little  dilute  tincture  of  iodme  will,  by 
its  precipitating  and  colouring  effect  upon  the  mucus,  readily 
decide  the  question.  The  admixture  of  spermatic  filaments, 
oxalate  of  lime  and  triple  pliosphate  crystals,  phosphate  of 
lime,  urate  of  ammonia,  and  tubular  casts,  may  be  ascer- 
tained by  the  microscope  and  the  respective  tests. 

Physiological  quantity  of  Mucus. 

This  depends  mainly  upon  the  nature  of  the  urine  passing 
through  the  bladder.  Concentrated  urine  causes  the  exuda- 
tion of  more  mucus  from  the  bladder;  dilute  urine,  when 
not  altered  otherwise,  has  no  such  effect.  The  largest  quan- 
tity of  mucus  seems  to  be  secreted  during  the  night,  perhaps 
owing  to  the  concentrated  nature  of  the  night  urine,  or  to 
the  irritating  inlluenee  of  its  longer  retention. 

The  normal  amount  of  mucus  cannot  be  expressed  in 
figures.  It  is  beat  to  accustom  the  eye  to  an  estimate  by 
frequent  inspection  in  transmitted  light  of  urine  in  glass 
vessels.  Any  excess  at  all  important  will  then  easily  be 
perceived  by  the  increased  bulk  of  the  cloud. 
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Excess  of  Mucus. 

This  may  be  caused  by  pathological  conditions  of  the  urine, 
particularly  alkalinity  from  decomposed  urea.  A  large 
quantity  of  free  acid  may  have  a  similar  effect.  Thus,  the 
strongly  acid  iirine,  which  is  voided  by  a  person  on  the 
morning  after  the  night  on  which  larger  dosea  of  benzoic 
acid  were  taken,  exhibits  a  mucous  cloud  double  the  size  of 
that  voided  under  ordinary  circumstances. 

The  Pathological  indications 

of  an  excess  of  mucus  must  depend  upon  the  causes  which 
produce  it.  As  such,  we  may  mention  all  conditions  which 
are  characterised  by  irritation  of  the  urinary  organs.  Patho- 
logical conditions  of  the  urine,  the  presence  of  foreign  bodies 
and  concretions  in  the  bladder,  idiopathic  diseases  of  the 
bladder  and  its  appendages — all  these,  and  some  others,  may 
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be  indicated  in  part  by  an  increased  amount  of  mucus  in  the 
urine. 

When  the  characteristic  symptoms  of  other  defined  dis- 
eases are  absent,  and  the  secretion  of  an  excess  of  mucus 
from  the  bladder  is  the  only  characteristic  symptom,  then  it 
is  termed  blennorrhoea  of  the  bladder,  or  cystorrhoea.  The 
pathological  conditions  of  the  mucous  membrane  giving  rise 
to  this  excessive  secretion  are  probably  not  always  ^ike; 
but  they  are  mostly  those  of  catarrh  or  chronic  inflamma- 
tion, and  of  venous  engorgement,  from  enlarged  vesical 
veins. 


CHAPTER  XXIV. 
TAT  Ami  on. 


Apakt  from  any  accidental  admixture  of  these  Bubstancee, 
whii^h  we  caution  the  reader  to  guard  against  most  scrupu- 
lously, they  may  occur  in  the  uriuc  as  the  products  of  dis- 
eased action  iu  the  body  or  urinary  organs  in  Ihree  differetil 

a.  As  large  and  small  oil-drops,  floating  on  the  surface  of 
the  urine.  Such  oil-drops,  called  oil  because  they  remain 
fluid  at  the  ordinary  temperature  of  the  air,  and  are  salts  uf 
oleic  acid,  I  found  on  the  urine,  taken  from  the  bladder  after 
death,  of  a  woman  who  died  of  chronic  purulent  nephritis, 
with  fatty  degeneration  of  the  left  kidney.  The  oil-drops 
make  a  greasy  spot  appear  on  paper,  and  are  easily  soluble 
in  ether. 

b.  As  granular  fat,  most  probably  solid,  or  if  not  sur- 
rounded by  an  albuminous  sphere,  like  the  fat  in  an  emul- 
sion (Aschcrson's  cells),  identical  with  the  {jrauular  fat 
enclosed  in  pus-cells,  or  epithelial  cells  of  the  urinary  tubulj, 
being  a  product  of  their  degeneration,  called  fatty  from  the 
presence  of  the  fat.  These  ccUs  and  the  granular  fat  are 
frequently  imbedded  in  flbrinous  casts. 

c.  As  fat  in  very  minute  particles,  appearing  as  mere 
points  under  the  highest  powers  of  the  microscope,  but 
rising  to  the  surface  of  the  urine,  and  collecting  as  a  cream, 
as  in  some  forms  of  chylous  urine. 

Chemical  characters. 

These  are  very  little  known,  but  seem  to  be  identical  for 
the  diftcrent  descriptions  enumerated.  What  we  call  fat  and 
oil  are  moat  probably  mixtures  of  different  proportions  of 
oleatc  and  margaratc  of  glycerine,  or  of  the  organic  base, 
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which  by  taking  up  water  forms  glycerine^  when  the  acid  is 
separated  from  the  fat  by  alkalies.  The  fat^  which  is  fluid 
at  the  ordinary  temperature  of  the  air^  is  in  all  probability 
the  oleate. 

Fat  and  oil  are  soluble  in  ether ,  and  are  deposited  un- 
changed when  the  ether  is  evaporated ;  but  when  they  are 
surrounded  by  cell-membranes,  or  albuminous  husks,  ether 
may  fail  to  take  up  the  whole  of  the  fat.  It  then  becomes 
necessary,  not  only  to  shake  the  urine  with  some  ether,  but 
to  evaporate  it  to  dryness,  to  boil  the  residue  with  some 
alcohol  and  acetic  acid,  to  evaporate  again,  and  then  to  ex- 
tract the  residue  with  ether  (Kletzinsky^) .  Even  this  extract 
may  be  impure  from  some  hippuric  acid,  which  is  to  be  re- 
moved by  alcohol  or  water. 

Kletzinsky  found  in  the  urine  of  persons  labouring  under 
Bright's  disease  the  following  quantities  of  fat  in  1000  parts 
of  urine:  0*24,  028,  035,  037,  048,  127  parts.  Beale^ 
found  14  in  1000  of  fat  in  urine  on  one  occasion. 

Pathological  indications. 

Fat  in  coagulating  or  albuminous  urine,  when  causing  a 
milky  appearance,  is  a  feature  of  chylous  urine.  When  oc- 
curring in  drops,  granules,  and  cells,  it  is  an  indication  of 
fatty  degeneration  of  the  kidneys,  particularly  when  the  cells 
or  granules  occur  in  fibrinous  casts  of  the  tubuli. 

'  Heller's  «  Archiv/  1852,  p.  287. 

'  *  Microscopical  Jourual/  January,  1853,  pp.  1, 2. 


CHAPTER  XXV. 
CANCEE-CELLS    AND   TirBEECUl..\:a    MATTER. 


I 


The  mucous  membrane  of  the  urinary  bladder  is  a  favorite 
seat  of  a  certain  variety  of  medullary,  and  perhaps,  in  some 
instances,  of  epithelial  cancer,  called  villous  cancer  by  Roki- 
tansky  and  subsequent  anatomists,  from  its  pec\iliar  mode  of 
growth  in  fine  villous  processes,  which  make  it  resemble  the 
surface  of  a  chorion.  On  the  exterior  of  these  villi,  the  ele- 
ments of  a  medullary  or  melanotic  cancer-juice  adhere  to  it, 
consisting  of  nucleated  cells  of  various  shapes,  which  form  a 
soft,  or  a  more  conaistcnt  deposit,  and  are  often  present  in 
such  quantity,  that  ttiey  make  up  the  greater  part  of  the 
morbid  mass  in  the  bladder,  into  which  then  the  vegetations 
seem  to  grow.^ 

The  cancerous  matter,  according  to  Vogel,  appears  in  the 
urine  in  small  lumps  of  cells.  The  latter  may  be  lai^e,  en- 
closing secondary  ones ;  or  they  may  have  thick  walls,  and 
become  elongated  into  spindle-like  bodies.  The  urine  at  the 
same  time  mostly  contains  blood  and  coagula.  From  these 
and  the  collateral  symptoms,  the  diagnosis  of  this  disease 
offers  no  difficulties. 

WTien,  however,  the  ap]>earance  of  cancerous  matter  is 
due  to  cancer  of  the  kidneys,  it  is  frequently  difficult  to 
form  a  diagnosis. 

Of  tubercle,  and  consequent  phthisis,  of  the  kidneys,  I  saw 
a  remarkable  instance  some  years  ago,  when  paying  an  occa- 
sional visit  to  the  Brompton  Hospital.  It  was  there  secon- 
dary to  tuberculosis  of  the  lungs,  as  it  almost  always  is.  In 
these  eases,  the  deposit  consists  of  tubercular  matter,  irregu- 
lar pus-cells,  tragments  of  cells  and  their  nuclei,  granular 
indefinable  matter,  and,  more  rarely,  pieces  of  crystals  of 
cholesteriue. 


1  Piget  ■  Surgicil  Pilbologf ,'  vol.  ii,  p.  513. 
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The  fonn  of  tuberculosis  which  most  firequentlv  gives  rise 
to  the  appearance  of  tubercular  matter  in  the  unne  is  that 
which  has  its  seat  in  the  mucous  membrane  of  the  urinary 
organs  generally^  and  hence  proceeds  to  deeper  structures. 
Tubercles  of  the  kidneys,  however,  may  primarily  form  in 
the  cortical  substance.  The  diagnosis  between  the  two  forms 
is  not  aided  by  the  microscopic  analysis  of  the  urinary 
deposit. 


CHAPTER  XXVI. 
ECHINOCOCCUS    HOMINIS. 


There  are  several  cases  on  record,  in  which  cystic  entozoa 
have  been  passed  hy  the  urethra.  They  are  formed  mostly,  it 
appears,  in  the  kidneys ;  more  rarely  grown  in  other  parts  of 
or  adjacent  to  the  urinary  organs. 

The  cysta  vary  in  size,  from  a  pin's  head  to  an  inch  in 
diameter.  Their  external  surface  has  a  aemiopaque  granu- 
lar, or  smooth,  enamel-like  appearance.  In  shape,  they  are 
more  or  less  globular ;  sometimes  flattened,  at  other  times 
very  irregularly  formed;  sometimes,  particularly  the  large 
ones,  shrunken,  as  if  they  had  lost  a  portion  of  their  fluid 
contents.  They  contain  a  fluid  and  some  granular  matter,  in 
which  latter  fragments  of  echinococci  and  their  character- 
istic booklets  may  be  mostly  detected.  The  walls  of  the 
cysts  are  made  up  of  several  layers  of  structureless  mem- 
brane ;  the  innermost  covered  with  a  layer  of  granular 
matter;  in  the  larger  cysts  with  numerous  prismatic,  feather- 
shaped,  and  crossed  crystals  of  triple  phosphate,   (PI.  v,  fig,  1.) 

The  echinococci  are  found  imbedded  in  the  granular 
matter  of  the  inner  surface,  from  which — the  coenurus — they 
are  grown,  and  to  which  they  sometimes  arc  found  to  be 
attached.  But  as  the  cysts  met  with  in  the  urine  arc  usually 
very  old,  the  echinococci  are  mostly  detached  from  their 
basis,  and  partly  or  entirely  disintegrated,  so  that  in  some 
cases  neither  echinococci  nor  booklets  can  be  detected  by 
the  most  careful  examination.  Thus,  in  the  case  recorded 
by  Dr.  Sievcking,'  the  ecliiuococci  had  become  disintegrated. 
In  the  case  related  by  Mr.  Simon,*  the  cysts  were  passed  en- 
tire, and  contained  swarms  of  perfect  echinococci  in  dift'ercnt 
stages  of  growth,  together  with   innumerable   booklets   of 
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parasites,  dead  and  decomposed  at  some  earlier  period.  In 
the  case  published  by  Dr.  Barker,'  the  large  cysts  contained 
echinococci,  the  small  cysts  mostly  contained  none. 

The  echinococci  are  mostly  retracted,  more  rarely  stretched 
out  at  full  length.  (PI.  v,  fig.  2.) 

The  symptoms  incidental  to  the  dbcharge  of  these  cjrata 
have  been  closely  described  by  all  observers.  When  the 
cysts  proceeded  from  the  kidneys,  there  was  dull,  aching 
pain,  accompanied  with  sensation  of  fulness  in  the  loins,  ob- 
struction in  the  ureter,  with  lancinating  pain  along  its 
course,  an  immediate  sense  of  relief  incident  upon  the  cyst 
finding  its  way  into  the  vesical  cavity ;  lastly,  straining  at- 
tempts to  micturate,  pain  along  the  urethra,  and  particularly 
at  its  termination,  with  obstruction  to  the  flow  of  urine,  until 
the  emission  of  the  cyst  made  a  sudden  end  to  the  distressing 
symptoms. 

In  the  case  communicated  to  Dr.  Barker,  by  Mr,  J.  J, 
Evans,  the  urine  was  opaque,  and  contained  flakes  of  mem- 
brane, fragments  of  Cysts.  Such  membranes  were  also 
passed  in  Dr.  Sieveking*8  case. 

The  number  of  cysts  thus  passed  by  one  patient,  at  various 
periods,  stretching  over  many  years  (eight  in  the  caae  of  Mr. 
Evans),  may  be  extraordinary,  exceeding  hundreds  at  a  time, 
and  thousands  in  the  a^regate  of  all  di^harges. 

There  can  be  no  difficulty  in  the  dia^osis  of  these  para- 
sites; for,  even  if  the  echmococei  themselves  should  not  be 
found  in  the  cyst,  yet  the  peculiarity  of  the  latter,  in  being 
composed  of  structureless  layers  of  a  hyaline  or  opaque  sub- 
stance, the  produce  of  the  parasite,  will  distinguish  it  from 
all  membranous  matters  that  may  by  any  chance  pass  by  the 
urethra. 

'  '  Glugow  MeiL  Joumal,'  185G,  and  lejiarale  pirapblet.  See  tlio  t  report  ia 
the  '  Med.  Timea  and  Gazette'  for  Feb.  17tb,  laib,  where  about  lea  caiti  of 
tbii  ilescriiitian  ace  related. 
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CHAPTER  XX\m. 
SPEEMATIC    FILAMENTS,    OE   8PEEMAT0Z0A. 


The  occasional  admixture  of  semeTi  with  the  urine  causes 
the  characteristic  filaments  to  appear  in  the  deposits  that 
may  be  examined  for  the  purpose,  or  for  some  other  object. 
The  admixture  with  urine  of  semen  in  any  quantity,  so  as  to 
form  a  deposit  for  itself  and  to  make  the  urine  albuminous,' 
is  not  frequently,  if  ever,  met  with  in  disease.  In  health, 
this  may  occur  under  a  variety  of  circumstances. 

In  the  urine  of  males,  the  presence  of  spermatic  filaments 
in  any  quantity  is  necessarily  the  consequence  of  an  emission 
of  semen,  which  leaves  some  residue  in  the  urethra,  to  be  re- 
moved by  the  first  urine  passing  the  canal  after  the  act. 
The  emission  itself,  however,  may  be  due  to  coition,  or  to 
spontaneous  sexual  excitement  during  sleep.  Onanism  may 
lead  to  the  same  result,  and  hence  may  sometimes  be  disco- 
vered thereby. 

The  following  I  give  upon  the  authority  of  Dr.  G.  Bird  : 
A  certainly  not  unfrequent  cause  of  the  escape  of  semen  is 
extreme  constipation  j  for  after  the  passage  of  hard  and  scy- 
balous fteces,  an  oozing  of  fluid  from  the  urethra,  full  of 
spermatozoa,  is  not  uncommon. 

Excluding  the  habitual  emissions  duriug  sleep  of  persons 
affected  vrith  spinal  disease,  an  ailment  called  spermatorrhcea 
has  no  existence.  The  few  honest  practitioners  who  Ijelieve 
in  tlie  existence  of  such  a  disease,  are  the  credulous  victims 
of  onanists,  who  find  it  a  strange  satisfaction  to  seek  relief 
and  undergo  all  sorts  of  treatment  for  a  supposed  ailment, 
the  continued  cause  of  which  they  themselves  knowingly  are. 
I  will  exempt  some  cases,  ia  which  the  victims  of  this  vice 

I  'Vrrliandl.  d.  Phyi.  Med.  Ga.  in  Wiinburg."  Bd.  ti,  1855.  ■  Micro«»p. 
Joiim..'  No.  12,  July,  18&£>.  nhcre  leTcral  Cenuui  Paprn  on  Spermatic  Fili- 
menti  ire  given  in  exirMt. 
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think  that  medical  trcatincnt  might  heal  them  of  their  bodily 
passion,  as  they  erroneously  believe  it  to  be.  I  make  thw 
statemeut  in  consequence  of  the  confession  of  a  young  man, 
which  he  made  to  me  and  the  clergyman  in  the  hour  of  his 
death.  This  confession  oi>cned  my  eyes  rC{;arcUiig  these 
cases ;  and  I  have  since  that  painful  experience  seen  several 
cases,  in  which  the  complaints  of  spermutorrbcea  and  nightly 
involuntary  emissions,  on  close  examination,  resolved  itself 
into  a  continuance  of  guilty  acts  of  the  individual. 

When  found  in  the  urine  of  women,  where  there  is  no 
possibility  or  probability  of  a  fraudulent  admixture,  the 
Hpermatie  filaments  arc  eiidcnce  that  coition  has  taken  place. 
In  medico-legal  inquiries,  the  discovery  of  spermatozoa  may 
sometimes  lead  to  the  disclosure  of  crime  or  vice. 

Dr.  Lionel  Bcalc  states,  that  the  urine  should  be  examined 
for  spermatozoa  as  soon  as  possible  after  it  has  been  passed, 
as  they  very  rapidly  become  destroyed  {1.  e.,  p.  205). 
According  to  Dr.  G.  Bird,  however,  urine,  beyond  making 
the  filaments  quiescent,  exerts  no  further  action  upon  them, 
as  they  may  be  detected,  scarcely  changed,  even  after  it  has 
become  ammoniacal  (p.  359).  Ncubauer  (p.  77)  makes  a 
similar  assertion.  The  truth  seems  to  be  that  the  spermatic 
filaments  are  differently  affected  by  different  fluids;  thue, 
in  faintly  alkaline  or  neutral  urine  they  retain  their  motility 
much  longer,  but  in  acid  or  strongly  ammoniacal  urine  they 
quickly  become  quiescent.  (KoUikcr.)  In  urine  containing 
pus,  they  retain  their  motility  much  longer,  most  probably 
oeeause  it  is  alkaline,  as  alkaline  fliuds,  particularly  caustic 
alkalies,  are  special  excitants  of  the  spermatic  filaments,  and 
may  revive  their  peculiar  motions  almost  under  all  circum- 
stances, which  may  be  more  particularly  seen  in  the  papers 
quoted  on  p.  209,  From  the  experiments  there  detailed,  it 
appears  that  the  spermatozoa  are  very  tough,  aud  by  no  means 
easily  destroyed. 

When  few  spermatozoa  are  to  be  detected,  the  urine  must 
be  allowed  to  repose  in  a  conical  glass  vessel;  the  deposit  is 
then  removed  from  the  bottom  by  means  of  an  India-rubber 

fiipette,  brought  into  a  cell,  and  examined  under  a  power  of 
rom  300  to  4O0  diam. 


CnAPTEB  XXVIII. 
BILE   iND    BILIAEY   MATTEES  IN   TTItlNE. 


HtrsiAN  bile,'  as  met  with  in  the  gall-bladder,  is  a  yellow, 
greenish,  or  brown  fluid,  of  a  consistence  imparted  to  it  by 
the  admixture  of  a  gelatinous  mucus,  of  faintly  alkaline  re- 
action, and  of  bitter  taste.  It  consists  of  nine  tenths  of 
water;  the  amount  of  solids  being  only  one  tenth.  The  solids 
are  made  up  of  fatty  matters  (glyeerides),  containing  oleic, 
margaric,  and  steanc  acids ;  an  indifferent  cryst^izable 
matter  (probably  an  alcohol),  choleaterine,  and  one  or  several 
colouring  matters,  biliverdiue  and  bilifidvine ;  the  main  con- 
stituents, however,  are  the  salts,  with  alkalies,  of  two  nitro- 
genized  organic  acids — cholic  and  cholinic. 

When  bile  is  evaporated  to  dryness  and  treated  with 
absolute  alcohol,  the  latter  takes  np  the  principal  constituents, 
with  the  exception  of  mucus  and  the  greater  proportion  of 
inorganic  salts.  The  solution  is  then  digested  with  animal 
charcoal,  which  removes  the  colouring  matters.  The  addition 
of  ether  to  the  clear  filtrate  now  produces  a  tough  amorphous 
precipitate,  which,  on  standing  for  a  longer  period  in  a  still 
place,  at  a  low  temperature,  which  must  be  produced  arti- 
ticially  in  summer,  is  transformed  iuto  crystalline  groups  of 
needles.  These  crystals  are  a  mixture  of  the  salts  of  cholic 
and  cholinic  acids.  They  may  be  separated  and  freed  from 
their  bases  by  adding  dilute  sulphuric  acid  to  their  watery 
solution ;  cholic  acid  is  precipitated  in  a  crystalline  state, 
cholinic  acid  remaining  in  solution. 


Ckolic  or  Glycocholic  Acid. 

Elements:   HO.  CV,iI^,NO„. 

Cholic  acid  fonns  colourless  liair-fine  needles,  which  are  at 
first  voluminous,  and  on  drying  shrink  together,  so  na  to 
form  a  paper-like  mass,  glistening  like  silk.  It  is  very  little 
soluble  in  cold  water,  more  in  boiling  water ;  easily  soluble  in 
alcohol;  little  soluble  in  ether.  It  has  a  faintly  acid  reaction, 
and  a  sweet  taste.  It  melts  at  a  higher  temperature  and  is 
deeompoeed,  evolving  at  the  same  time  a  peculiar  odour. 
When  warmed  with  sulphuric  acid  and  sugar,  it  yields  a  fluid 
of  an  intensely  violet  colour. 

The  salts  of  cbolic  acid  with  baaesTiave  a  neutral  reaction. 
The  salts  with  alkalies  and  alkaline  earths  arc  easily  soluble 
in  water  and  alcohol,  but  insoluble  in  concentrated  solutions 
of  hydrated  caustic  alkalies  or  salts  of  alkalies.  The  salts 
with  the  oxydea  of  heavy  metals  are  mostly  insoluble  in  water. 
They  do  not  crystallize  from  their  solutions,  if  they  are  eva- 
porated ;  but  the  addition  of  ether  will  usually  transform 
them  into  crystals. 

Chelate  of  lead  (PbO.  Cj.^Hf,NO„)  maybe  obtained  when 
bile,  previously  discoloured  by  means  of  animal  charcoal,  is 
precipitated  by  acetate  of  lead.  The  colourless  salt  may  be 
decomposed  by  hydrothion  (sulphuretted  hydrogen),  and  elioHc 
acid  obtained  pure  by  evaporation. 

Dtcompositiong. — Cholic  acid  is  soluble  in  concentrated 
sulphuric  acid  without  discoloration ;  and  on  raising  the 
temperature  of  the  solution  an  amorphous  precipitate  forma, 
which  is  insoluble  in  water,  and  easily  soluble  in  alcohol.  It 
is  a  product  of  the  decomposition  of  cholic  acid,  and  is 
termed  c/wfonic  acid.  It  forms  a  salt  with  baryta,  which  is 
insoluble  in  water.  It  contains  two  equivalents  of  water  less 
than  cholic  acid,  its  composition  being  CjjH^iNO,,. 

When  cholic  acid  is  boiled  with  dilute  hydrochloric  or 
sulphuric  acid,  it  separates  into  glyeocoU,  C^HjNO^,  and  an 
acid  free  from  nitrogen — choloidinic  acid,  of  the  composition 
C«H«Og. 

CjjH^NO,,  +  HO  =  C^nj),  +  C^lIjNO,. 

CbeUe  add.  Chaloidinic  *cid.       Glfcocoll. 


Choloidinic  acid  is  a 


lOrphoua,  colourless,  resinous  sub- 
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stance,  which  melts  easily,  is  not  soluble  in  water,  easily 
soluble  in  alcohol,  less  soluble  in  ether.  It  has  an  acid  re- 
action ;  and  with  all  bases,  except  the  alkalies,  forms  salts, 
which  are  insoluble  in  water. 

When  choloidinic  acid  is  heated  for  some  length  of  time 
with  hydrochloric  acid,  it  changes  its  properties.  It  melts 
less  easily,  becomes  insoluble  in  alcohol  and  alkalies,  but 
more  easily  soluble  in  ether.  The  substance  thus  modified  is 
called  dyslysine — C^H^Og.  It  differs  from  choloidinic  acid  in 
containing  three  equivalents  of  water  less  than  this  acid.  It 
can  also  be  obtained  by  heating  choloidinic  acid  to  200°  C. 
(392"  F.) 

Cholic  acid  is  also  decomposed  under  the  influence  of 
caustic  alkalies  and  alkaline  earths.  If  a  strong  solution  of 
hydrate  of  baryta  is  boiled  with  cholic  acid,  the  latter  be- 
comes broken  up  into  glycocoU  and  an  aeid  free  from  nitrogen, 
called  cholalic  acid — C«HjoO,„, 


C„H«NO„  +  2H0  =  C4«Hj„0i(,  +  C.HjNO,. 
Cholic  icid.         •  Chotalic  acid.  GlycocoiL 

Cholalic  acid,  which  differs  from  choloidinic  acid  in  con- 
taining one  more  equivalent  of  water,  crystallizes  from  alcohol 
in  octahedra  and  tetrahedra  belonging  to  the  quadratic  sys- 
tem. The  crystals  contain  five  equivalents  of  water  of  crys- 
tallization, are  colourless,  reflect  the  light  like  glass,  and  are 
very  frangible.  Under  the  influence  of  dry  air  they  lose 
water  and  become  opaque.  They  taste  bitter  and  sweet  at 
the  same  time ;  they  are  easily  Bolnble  in  boiling  alcohol,  less 
soluble  in  cold  alcohol ;  they  are  soluble  in  27  parts  of  ether, 
insoluble  in  water. 

The  salts  of  cholalic  acid  with  the  alkalies  are  easily 
soluble  and  cry stalliz able ;  those  with  the  earthy  alkalies 
are  little  soluble ;  and  those  with  the  other  oxydes  mostly 
insoluble. 

The  composition  of  cholic  acid  corresponds  with  that  of 
hippuric  acid.  It  may  be  considered  as  a  copulation  of  cho- 
lalic acid  with  glycocoll. 


Cholinic  or  Taurocholic  Acid.     Cj,H„NO|,S,. 


When  cholic  acid  is  precipitated  by  dilute  sulphuric  acid 
from  the  solution  of  bile,  cholinic  acid  remains  in  solution.  It 
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18  best  isolated  from  bile  in  the  following  manner.  Fresh  bile 
is  treated  with  neutral  acetate  of  lead,  which  precipitates 
colouring  matter,  mucus,  and  cbolatc  of  lead.  By  the  addi- 
tion of  a  little  basic  acetate  of  lead,  the  cholic  acid  is  more 
completely  precipitated.  Cholinic  acid  is  now  precipitated 
from  the  filtrate  by  basic  acetate  of  lead  and  ammonia.  The 
precipitate,  after  decomposition  by  hydrothion  (sulphuretted 
hydrogen),  yields  uncombined  cholinic  acid.  It  has  an  acid 
reaction,  a  bitter  and  sweet  taste ;  when  the  solution  is  eva- 
porated, it  decomposes,  so  that  the  residue  becomes  partiallj 
insoluble.  It  is  less  changeable  when  in  combination  with 
alkalies ;  and  the  solution  of  such  salts  may  be  evaporated  at 
a  boiling  heat.  The  watery  solutions  of  these  salts  froth 
like  soap-water ;  no  metallic  salt  forms  a  precipitate  with 
them — the  sole  exception  being  basic  acetate  of  lead,  and  even 
that  does  not  precipitate  the  whole  of  the  acid. 

When   treated   with    caustic    alkalies,   cholinic    acid    is 
decomposed ;  cholalic  acid  and  taurine  being  the  products. 


CjjH„NO„S,  -I-  2H0  =  C^H^O,o  +  C^H^NO^Sj. 

Cholinic  add,  Cholalic  acid.  Tuiiine. 


Cholinic  acid,  therefore,  has  a  constitution  analogous  to  that 
of  cholic  acid ;  the  difference  consisting  in  the  replacement 
of  glycocoU  by  taurine. 

Taurine,  CjH^NOgS,,  may  be  easily  obtained  from  bile  by 
boiling  it  with  hvdrochloric  acid  for  some  length  of  time.  The 
fluid  is  filtered  from  the  precipitate  of  dyslysinc,  evaporated, 
and  mixed  with  spirits  of  wine,  whereby  taurine  is  precipi- 
tated; chloride  of  sodium  and  hydrochlorate  of  glycocoll 
remaining  in  solution.  Taurine  crystallizes  in  large  mono- 
clinometric  prisms ;  they  are  colourless,  transparent,  little 
soluble  in  cold,  easily  soluble  in  hot  water,  insoluble  in 
alcohol  and  ether.  No  other  combinations  of  this  body  are 
known  ;  but  a  key  to  its  composition  has  lately  been  obtained 
by  Strecker,  who  succeeded  in  producing  it  artificially,  simply 
by  exposing  iiuethionate  of  ammonia  to  a  temperature  of 
220°  C.  (428°  F.)  The  loss  of.  two  equivalents  of  water 
transforms  this  salt  into  taurine. 


CJI,S,NO,  —  2H0  =  C«H;S,NOs. 

iMethlonali  of  Ammonia.  Taurine. 
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If  we  compare  with  this  result  the  experiment  of  the  de- 
composition of  taurine  by  fusion  with  hjdrate  of  potash, 
where  ammonia  and  hydrogen  arc  evolved,  sulpliurous 
and  acetic  opids  remaining  in  combination  with  potaab, 
we  have  a  most  remarkable  instance  of  the  arrangement  of 
elements  round  certain  nuclei  or  radicals.  The  formula  of  the 
decomposition  of  taurine  by  potash  is 

C^H^NOgS,  +  3K0  +  HO  = 

KO.  QHpj  +  2(KO.  SOj)  +  NHa+  2H. 
Acelic  Kid. 

Isaithionate  of  ammonia  is 

NH4O.  C^HiO.  2S0j  =  (CHsNOA)- 
Oifde  of  Mlbjl 

We  find  the  osyde  of  sethyl  osydized  at  the  expense  of  the 
oxygen  of  water  and  sulphuric  acid,  the  radical  acetyl  C^H, 
bemg  formed  from  the  radical  asthyl.  Two  equivalents  of 
hydrogen  are  thereby  displaced,  and  finding  all  the  available 
oxygen  taken  up  by  the  oxydation  of  acetyl  (to  the  hydrate 
of  its  o^de,  or  aldehyde,  lastly  to  its  acid),  go  away  uucom- 
bined.  Two  eqnivalentsofoxygen  from  the  two  equivalents  of 
sulphuric  acid  unite  with  the  oxyde  of  acetyl,  C^HjO,  form- 
ing acid  of  acetyl,  or  acetic  acid,  C^HjO^  which  remains  in 
combination  with  the  alkali. 

Colouring  matter  of  Bile} 

The  nature  of  the  colouring  matter  of  hile  is  very  little 
known.  It  may  be  removed  from  its  solution  by  animal 
charcoal.  The  alkabne  solution  of  ox-bile  is  precipitated  by 
means  of  baryta-water,  or  chloride  of  bariimi,  as  long  as  the 
precipitate  has  a  purely  green  colour  ;  the  precipitate  is  then 
decomposed  by  means  of  hydrochloric  acid,  the  fatty  acids 
are  removed  hy  means  of  a  little  ether.  A  substance  re- 
mains, which  has  been  termed  bUherdiiu,  and  is  somewhat 
analogous  to  chlorophyll.     When  heated  with   nitric  acid, 

>  Stmkcr,  loe.  cit.,  p.  37fi. 
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it  becomes  Bucccssively  blue,  violet,  aud  red.  Thia  test  is  to 
a  certain  degree  characteristic.  When  the  alcoholic  sohition 
of  bile  18  exposed  to  the  influence  of  atmospheric  air,  the 
green  colouring  matter  is  transformed  into  a  red  one,  which 
has  a  great  similarity  to  the  red  eolouring  matter  of  blood. 

When  the  inapiR»uted  residue  of  ox-bile  i»  extracted  with 
alcohol,  there  remains,  beside  mucus,  a  brow-n  colouring 
matter,  which  is  soluble  in  warm  dilute  spirits  of  wiue,  and  is 
precipitated  from  this  solution  by  alcohol.  When  dried,  this 
body  becomes  of  a  bright,  burning  yellow  colour,  and  hence 
has  been  termed  bilifulrine.  It  is  easily  soluble  in  water,  on 
combuBtion  leaves  carbonate  of  soda  and  lime,  and  for  this 
reason  appears  to  be  the  salt  of  an  oi^anic  acid. 


Diagnosit  of  Biliary  matters  in  Urine. 

It  is  not  probable  that  biliary  matters  should  occur  in 
urine  unaccompanied  by  colouring  matter,  though  the  latter 
frequently  occurs  unaccompnuied  by  any  of  the  acids  or  their 
salts.  The  brown,  yellowish  or  reddish-brown  colour  of 
urine  will  therefore  generally  lead  to  a  suspicion  of  the  pre- 
sence of  biliary  matters:  the  diagnosis  may  be  positively 
established  by  the  neceMiary  teats. 

The  best  and  simplest  test  for  biliverdine  is  the  following. 
A  thin  layer  of  the  urine  to  be  tested  is  spread  over  a  white 
china  plate,  and  a  drop  of  nitric  acid,  cuntaining  some 
nitrous  acid,  is  placed  in  the  centre  of  the  circle.  If  biliver- 
dine be  present,  the  margiji  of  the  drop  of  nitric  acid  will 
cause  a  blue  colour  to  appear  In  the  next  circle  of  urine ;  the 
blue  circle  enlarges  towards  the  circumference  of  the  plate, 
and  the  circle  next  to  the  drop  of  nitric  acid  assumes  a  violet 
colour.  The  blue  and  violet  circles  expand,  and  an  inner  red 
circle  appears.  The  test  is  now  completed.  The  discolors- 
tions  to  ycUow  and  brown  which  follow  are  neither  constant 
nor  characteristic. 

Most  precipitates  irom  bilious  urine  are  strongly  coloured. 
But  to  use  the  coloration  of  albumen,  for  example,  as  a  test 
for  biliverdine,  possesses  no  advantage  over  the  nitric  acid 
colour-test;  aa,  where  the  amoiuit  of  colouring  matter  is  so 
small  aa  not  to  be  indicated  by  the  colour-test,  it  possesses 
no  practical  significance. 

Both  cholic  and  cholinic  acids  have  been  observed  in  the 
urine  in  a  few  instances.  But  they  have  been  sought  after 
BO  very  seldom,  that  it  cannot  at  present  be  said  whether  their 
orcurrencc  is  actually  rare.     Evidence  of  their  presence   is 
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obtained  in  the  foUowiug  manner.'  The  mine  is  evaporated 
almost  to  dryness,  and  the  residue  extracted  with  alcohol. 
The  alcoholic  solution  is  a^in  evaporated ;  the  residue  is 
dissolved  in  a  little  water,  and  placed  in  a  white  Berlin 
china  dish  floatiug  on  cold  water.  A  few  drops  of  a  solution 
of  sugar  are  now  intimately  mixed  with  the  Bohition  in  the 
china  dish ;  and  to  tliis  mixture  concentrated  sulphuric  acid 
ia  added  in  drops.  When  biliary  acids  are  present,  the  solu- 
tion at  first  becomes  a  little  turbid,  then  clears,  becomes  then 
of  a  pale  clieny  red,  then  pink,  crimson,  and  at  last  of  a 
saturated  purple  violet.  Of  course  the  intensity  of  these 
colours  depends  upon  the  quantity  of  biliary  acids  present, 
and  upon  the  care  which  is  bestowed  upon  keeping  the  tem- 
perature of  the  mixture  as  low  as  possible  during  and  after 
the  addition  of  sulphuric  acid.  This  reaction  bearing,  from 
its  discoverer,  the  name  of  Pcttenkofer's  test,  is  due  to  the 
presence  of  cholalic  acid,  as  neither  taurine  nor  glycocoU 
exhibit  it  when  isolated. 


Pathological  indications. 

The  occurrence  of  tlie  colouring  matter  of  bile  in  the  urine 
indicates  that  the  flow  of  bile  from  the  liver  into  the  intes- 
tinal canal  is  impeded  or  entirely  suspended.  By  absorption 
the  colouring  matter  of  hite  enters  the  blood,  and  hence 
passes  into  all  the  secretions  and  tissues.  Icterus,  as  this 
state  of  things  has  been  termed,  is  as  easily  diagnosed  by  the 
coloured  tissues  and  colourless  fseces,  as  from  the  brown 
urine,  and  its  reaction  with  nitric  acid. 

There  is,  however,  a  certain  dissohition  of  the  blood  conse- 
quent upon  or  part  of  the  pathological  process  of  pysemia, 
which  produces  the  green  or  yellow  icteric  colour  of  the 
skin  and  tissues,  without  being  accompanied  by  retention  of 
bile  i  as  the  frequent  fluid  evacuations  contain  abundance  of 
green  colouring  matter,  and  the  dark-red  or  brown  urine  does 
not  show  the  colour-test  with  nitric  acid.  The  analysis  of 
the  urine  distinguishes  these  cases  from  true  icterus. 

In  yellow  fever  the  urine  is  very  rarely  impregnated  with 
biliary  colouring  matter. 

The  occurrence  of  cholic  and  clioUnic  acids  in  the  urine 
indicates  that  these  substances,  after  their  secretion  by  the 
liver  and  resorption  into  the  blood  and  chyle,  have  not 
undergone  those  changes,  at  present  unknown,  to  which 
under  ordinary  circumstances  they  are  subjected  in  the  blood 

1  See  ■lio  Lebmuin,  '  PhfiiaL  Chemie,'  <ol.  ii,  p.  209. 
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or  tissues.  The  appearance  of  these  acids  in  the  urine  would 
therefore  indicate  either  the  existence  of  an  abnormal  process 
in  the  blood,  preventing  the  normal  consumption  of  biliary 
acids,  the  liver  continuing  materially  sound  and  secreting 
the  ordinary  bile ;  or  it  would  indicate  an  excessive  activity 
of  the  liver,  by  which  more  biliary  adds  are  secreted  than 
the  blood  and  tissues  can  disint^rate,  in  consequence 
of  which  a  part  passes  into  the  urine.  The  experiments 
of  Frerichsi  seem  to  show  that  a  very  large  excess  of 
cholates  and  cholinates  in  the  blood  would  be  required  to 
make  them  appear  in  the  urine.  For  when  large  quantities 
of  filtered  bile  were  injected  into  the  veins  of  dogs,  the  bile 
disappeared  in  the  blood  without  leaving  traces  anywhere, 
and  without  causing  symptoms.  In  one  case  only,  where  a 
large  quantity  of  a  concentrated  solution  of  pure  cholatc  and 
cliolinate  of  soda  had  been  injected,  a  part  of  it  could  be 
discovered  in  the  urine. 


!    4 
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CHAPTER  XXIX. 
I£irCIN£   AND   TZEO&INE. 


The  elementary  composition  of  leucine  is  expressed  in  the 
formula  C',jH|,,N04.  It  is  homologous  with  glycocine  or 
glycocoll  and  alanine,  and  has  the  same  relation  to  valerianic 
acid  and  its  aldehyde,  as  they  have  to  formic  and  acetic  acida 
and  their  aldehydes.  When  leucine  is  heated  with  potash,  or 
allowed  to  putrefy,  it  yields  up  valerianic  acid  and  some  other 
products. 

Leucine  appears  to  be  so  frequent  a  product  of  diseased 
action  in  the  human  body,  that  I  have  thought  it  neceafiary  to 
enter  fully  into  the  description  of  all  its  properties. 

It  was  first  (1818)  discovered  in  rotten  cheese  by  Proust,' 
who  named  it  oxyde  of  cheese.  Braconnot,^  in  1820,  ob- 
tained leucine  as  the  product  of  decomposition  of  animal 
matter  by  oil  of  ritriol.  The  identity  of  oxyde  of  cheese  and 
leucine  was  recognised  by  Mulder,*  in  1838. 

It  has  since  been  ascertained  by  a  series  of  observers  to  be 
an  almost  constant  product  of  the  treatment,  by  concen- 
trated or  dilute  sulphuric  acid,  and  by  caustic  alkalies, 
of  albumen,  fibrine,  caseine,  muscle,  glue,  gluten,  legu- 
men,  wool,  and  horn ;  it  is  also  produced  by  the  putre- 
faction of  these  substances,  mostly  together  with  some 
glycocine. 

Frerichs  and  Stadelcr*  have  proved  the  occurrence  of 
leucine  and  tyrosine  in  certain  puthologieal  conditions  of  the 
organism,  such  as  typhus,  and  csanthematic  fevers,  as  variola. 

'  '  Ana.  dc  Chim.  ct  de  Phyi.,'  i,  p.  10. 
>  Ibhl.,  nil,  p.  119. 

)  '  Journ.  tUr  Prtct.  Chero..'  xvi,  p.  Z90 1  xrii.  p.  b7. 

'  ■  Witn.  MwL  Wocheniclir.,'  iv,  No.  30.  Miiller's  ■  Archiy/  I85<.  p.  387. 
Phtrm.  Centnlbl..'  1SB1,  p.  Sei. 
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These  aubstancea  were  found  in  the  urine,  blood,  and  bile  of 
the  patients.  In  the  nrine  the  leucine  seemed  to  have  been 
partly  tranaforraed  into  valerianate  of  ammonia.  The  liver 
seems  to  be  the  orgun  in  which  leueine  is  formed  during 
life,  and  where  it  is  found  most  abundantly  after  the  death  of 
Buch  patients.  In  the  liver  of  healthy  human  subjects 
and  of  animals  Frerichs  and  StSdeler  could  not  find  any 
leucine.  In  a  case  of  acute  atrophy  of  the  liver,  these 
obBer\'crs  found  the  finer  branches  of  the  hepatic  veins 
filled  with  zeolithic  efiloreacences,  and  firm  yellowish-gray 
strings  of  matter  containing  crystals  in  the  shape  of  balls 
with  a  radiary  arrangement,  and  bundles  and  sheaves  of 
needles.  The  balls  were  proved  to  be  leucine  by  an  ele- 
mentary analysis ;  and  the  needles  were  tyrosine,  forming  a 
combination  with  sulphuric  acid,  and  this  combination 
forming  salts  with  bases. 

Leucine  has  been  detected  in  the  liver  of  the  calf.^  Dr. 
A,  Cloetta^  found  it  in  the  tissue  of  the  lungs  of  the  ox, 
together  with  inosite,  uric  acid,  and  taurine. 

I  found  leucine  in  the  urine  of  a  man  whose  liver  yielded 
a  large  amount  of  it,  Goesamann  found  leucine  in  the  char- 
coal, which  is  left  in  the  retort  when  the  residue  irom  the 
evaporation  of  urine  is  subjected  to  dry  distillation. 

There  is  at  present  no  very  characteristic  test  for  leucine ; 
its  diagnosis  in  urine,  therefore,  mainly  depends  upon  the 
exclusion  of  all  knonn  normal  and  abnormal  ingredients  of 
that  fluid,  and  upon  the  coincidence  of  several  or  all  of  the 
tests  of  leucine. 


Production  of  Leucine. 

According  to  Braconnot,  leucine  is  obtained  in  the  fol- 
lowing manner.  A  piece  of  beef  is  chopped,  washed  with 
water,  and  subjected  to  strong  pressure;  the  dry  residue  is 
warmed  gently  with  its  equal  weight  of  sulphuric  acid,  until 
complete  solution  has  taken  place.  After  cooling,  the  fat 
collected  on  the  surface  is  removed,  and  the  solution  is  mixed 
with  a  quantity  of  water,  amounting  to  three  and  a  half  times 
the  weight  of  the  meat  originally  employed.  The  mixture  is 
kept  boiling  during  nine  hours,  the  water  which  evaporates 
being  replaced  from  time  to  time.  The  sulphuric  acid  is  then 
removed  by  carbonate  of  lime,  the  filtrate  is  evaporated  to  the 

'  Gregoty'i  '  Hindhook  nf  Org.n.  Chem.,'  1852,  p.  422. 
■     '  'Verhandl.  d.  Ntturl.  Gsscllieliaft  til  Zurich,' Bd.  iv.     ■  Jouru.  fiir  Pract. 

CUem.,' liTi.  p.  211,  1855, 
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consistence  of  a  syrup,  and  the  latter  is  repeatedly  extracted 
by  boiling  alcohol.  From  this  alcoholic  solution  leucine  in  a 
crystalline  form  is  obtained  by  evaporation ;  the  product  of 
impure  leucine  amounts  to  about  one  thirtieth  part  of  the 
muscular  fibre  used.  It  yet  contains  some  animal  matter, 
which  may  be  precipitated  from  the  watery  solution  by 
tannic  acid.  According  to  Mulder,  it  also  contains  some 
glycocine. 

Ilinterberger'  adopts  the  following  proceeding.  One  part  of 
horn  turnings  and  filings  is  mixed  with  four  parts  of  sul- 
phuric acid  and  twelve  parts  of  water,  and  boiled  during 
thirty-six  hours,  the  water  being  replaced  from  time  to  time. 
The  sulphuric  acid  is  next  removed  by  an  excess  of  milk  of 
lime ;  the  fluid  with  the  precipitate  is  boiled  for  tweuty-four 
hours  longer,  and  strained.  The  filtrate  is  neutrabzed  by  means 
of  sulphuric  acid,  and  filtered  again  ;  acetate  of  lead  is  now 
added  until  all  sulphuric  acid  is  removed.  The  excess  of  lead 
is  removed  by  means  of  sidphuretted  hydrogen,  and  the  fluid 
is  boiled  with  the  sulpburet  of  lead.  On  filtering  (which 
should  be  done  when  the  fluid  is  cold,  and  has  again  been 
saturated  with  sulphuretted  hydrogen,  Th,),  a  scarcely 
coloured  fluid  is  obtained,  from  which,  on  concentration, 
tyrosine  crystallizes.  From  the  mother-liquor  leucine  is 
obtained  (mixed  with  a  great  deal  of  acetate  of  lime,  from 
which  it  must  be  separated  by  extraction  with  boiling  al- 
cohol, Th.)  It  may  be  further  decolorized  by  treating  it 
with  hydrated  oxyde  of  lead,  sulphuretted  hydrogen,  and 
animal  charcoal. 

Zollikofer^  found  that  the  elastic  tissue  of  the  animal  body 
yields  leucine  as  the  sole  crystalline  product  of  decomposition 
by  sulphuric  acid.  The  nnchal  ligament  of  horses  or  of  oxen 
is  particularly  suitable,  It  is  first  freed  from  fat  and  fibrous 
(cellular)  tissue  by  mechanical  means,  and  then  (Goessmann's 
improved  proceeding)  dissolved  in  its  equal  weight  of  con- 
centrated sulphuric  acid  at  the  ordinary  temperature  of  the 
air.  This  solution  is  then  mixed  with  its  own  bulk  of  water, 
and  boiled  from  ten  to  twelve  hours,  during  ivhich  time  the 
loss  of  water  by  evaporation  is  being  frequently  made  up. 
After  cooling,  and  removal  of  the  fat  Hoating  on  the  surface, 
the  solution  is  diluted  and  neutralized  by  milk  of  lime.  The 
excess  of  lime  is  precipitated  by  carbonic  acid,  and  the  filtrate 
is  evaporated,  when  leucine  crystallizes.     It  is  taken  up  with 

■  (lS49)  -Ann.  d.  Chem,  ui.d  Ph.rm.,'  Ixxi.  p.  70.      ■  Ph.rm.  C<ntr«lbl..' 

leSD,  p.  213.     Liebig  «nd  Kopp'a  ■  Jalirober,'  1849,  p.  502. 

*  (I8S2)  'Ano.  d.  Cbem.  unil  Pharui.,'  luiii.  p.  IG^.  Liebis  uid  Kopu't 
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boiling  alcohol ;  its  watery  solution  may  be  ftirther  de- 
colorized by  animal  charcoal. 

Method  of  Bapp.' — One  part  of  dry  powdered  albumen, 
fibrine,  or  caseiiie,  free  from  fat,  is  mixed  with  one  part  of 
caustic  potash,  while  fusing  on  the  fire  in  an  iron  pot,  of 
about  twenty-five  times  the  capacity  of  space  taken  up  by  the 
quantities  of  albuminous  matter  and  potash.  The  mixture 
froths  up,  by  the  evolution  of  hydrogen  and  ammonia;  and 
after  half  an  hour,  when  the  brown  colour  of  the  mLiture  has 
passed  into  yellow,  water  is  cautiously  added,  the  alkali  is 
neutralized  with  acetic  acid,  and  the  Htdd  filtered  while  hot. 
The  filtrate  on  cooling  deposits  groups  of  needles  of  tyrosine. 
(In  case  the  operation  has  well  succeeded,  these  crystals  fill 
the  entire  filtrate,  hut  their  amount  is  the  smaller,  the  longer 
the  melting  process  has  been  continued.)  The  fluid  decanted 
from  these  crystals  is  then  again  evaporated,  until  a  cry»- 
talline  pellicle  begins  to  form  on  its  siu^ace ;  it  is  then 
allowed  to  repose  for  twenty-four  hours,  and  is  then  extracted 
with  alcohol,  which  leaves  a  residue  consisting  of  leucine  and 
some  tyrosine.  A  certain  quantity  of  leucine  remains  in 
solution  in  the  alcohol ;  to  this  solution  sulphuric  acid 
diluted  with  alcohol  is  now  added  as  louj;  as  sulphate  of 
potash  is  thereby  precipitated.  From  the  filtrate  the  alcohol 
is  evaporated,  the  sulphuric  acid  removed  hy  acetate  of  lead, 
and  the  excess  of  lead  precipitated  by  sulphuretted  hydrogen  j 
the  filtrate  on  evaporation  now  yields  crystals  of  leucine,  and 
an  un cry stalliz able  syrup,  the  quantity  of  which  is  the  smaller, 
the  longer  the  melting  process  has  been  continued.  In  order 
to  firee  the  leucine  from  tyrosine  and  a  peculiar  colouring 
matter,  it  is  dissolved  in  such  a  quantity  of  hot  water,  that 
on  cooling  only  little  leucine  crystallizes,  together  with  most 
of  the  tyrosine ;  the  mother-liquor  is  digested  with  hydrated 
oxyde  of  leail,  which  removes  the  colouring  matter  and  some 
leucine  J  the  filtrate  is  treated  with  sulphuretted  hydrogen, 
and,  being  now  of  a  faint- yellowish  hue,  is  evaporated  in  a 
balloon  until  a  crystalline  pellicle  begins  to  form  on  the 
surface,  when,  on  cooling,  leucine  crystallizes,  which  may 
be  further  purified  by  washing  with  cold  water  and  spirits 
of  wine,  and  by  treating  it  with  animal  charcoal  and  re- 
crystallizing  it. 

If  it  is  intended  to  have  leucine  alone,  the  mixture  of  the 
albuminous  substance  with  potash  requires  ouly  to  be  heated 
until  the  strongest  frothing  up  has  passed ;  the  same  quantity 
of  leucine  is  then  formed,  hut  no  tyrosine. 
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Afi  a  product  of  putrefaction,  leucine  may  he  ubtaiued  by 
allowiiii:  ouc  part  of  cheese,  flesh,  or  albumen,  with  fifty 
parts  uf  water,  to  decompose  at  a  temperature  somewhat 
above  20°  C.  (68°  i\),  for  about  six  weeks.  The  dirty  fluid 
in  then  boiled  with  milk  of  lime ;  the  lime  is  pi-ecipitated 
by  a  slight  excess  of  sulphuric  aeid;  the  filtrate  is  evaporated, 
aud  precipitated  with  acetate  of  lead ;  the  filtrate  from  this  ie 
evaporated  to  a  syrupy  consistence ;  and  the  leucine  which 
now  crystallizes  is  freed  mechanically  and  by  the  assistance 
of  alcohol  from  the  syrup;  it  is  then  dissolved  in  water,  treated 
witli  sulphuretted  hydrogen,  and  is  obtained  pure  by  crystal- 
lization &om  alcohol  and  water. 

When  the  solution,  at  the  stage  where  it  coiitaius  gj-psum 
and  a  slight  excess  of  sulphuric  acid,  is  evaporated  slowly  in 
an  open  china  dish,  the  gypsum  crystallizing  acts  as  a  very 
potent  decolorizer.  From  the  crystalline  and  black  sediment 
of  gypsum  the  fluid  may  be  poured  off  while  hot.  The  de- 
canted fluid  should  then  be  evaporated  to  dryness  and  ex- 
tracted with  alcohol,  whereby  a  solution  is  obtained  which 
contains  no  lime,  and  may  easily  be  freed  from  sulphuric  acid 
by  acetate  of  lead.  Another  mode  of  removing  the  lime  and 
sulphuric  acid  is  by  treating  the  decanted  solution  with  oxalic 
acid,  untd  no  more  precipitate  of  oxalate  of  lime  is  produced. 
The  excess  of  oxalic  acid,  together  with  the  sulphuric  acid,  is 
removed  by  acetate  of  lead ;  the  excess  of  lead  from  the  fil- 
trate by  sulphuretted  hydrogen ;  and  the  filtrate  from  thin 
precipitation  will  be  almost  colourless,  and  on  evaporation 
will  yield  leucine,  which  may  be  purified  of  the  last 
traces  of  admixed  foreign  matter  by  alcohol  and  crystal- 
lization. 

Chemical  and  Physical  properties  of  Leuciritf. 

The  sublimate  of  pure,  dry  leucine  appears  under  the  micro- 
scope in  strings  of  rhombic  plates,  as  represented  in  fig,  5, 
pi.  VI. 

When  crystallized  from  an  alcoholic  solution,  leucine  repre- 
sents white  scales,  of  the  lustre  of  mother-of-pearl,  much  like 
cholesterine,  floating  on  water,  and  imparting  the  sensation  of 
an  unctuous  matter  to  the  finger.  Under  the  microscope,  it  has 
the  appearance  of  minute  larch-agarics,  with  which  it  was  com- 
pared by  Proust.  In  the  liver,  and  the  extract  therefrom,  it 
crystallizes  in  balls,  with  a.  radiary  arrangement  of  particles. 

It  dissolves  in  27  parts  of  water  at  the  ordinary  tempera- 
ture of  the  air,  and  in  658  parts  of  alcohol  of  specific  gravity 
0-828  (Mulder),  or  in  1040  parts  of  alcohol,  of  9C  per  cent., 
at  the  ordinary  temperature  ;  and  in  800  parts  of  warm  al- 
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coliol  of  98  per  cent,  strength  (Zollikofer) .  It  is  insoluble 
in  ether,  even  wlien  boiling.  The  presence  of  acetic  acid 
and  acetate  of  potasli  increases  the  solubility  of  leucine  in 
alcoliol  and  water.  When  heated  cantionsly  in  a  glass  tube, 
open  at  both  ends,  it  is  completely  volatilized  in  the  form  of 
thick  white  fumes,  appearing  like  osyde  of  zinc,  without  pre- 
viously melting.  When  heated  suddenly  it  fuses,  and  leave« 
a  mass  of  charcoal.  It  is  easily  soluble  in  dilute  acids,  and 
forms  combinations,  assuming  readily  a  crystalline  form.  It 
is  also  easily  soluble  in  Icy  of  caustic  potash,  and  in  ammonia. 
Decompositions. — When  fiised  with  caustic  potash,  it  is 
decomposed  into  valerianate  of  potash,  cyanide  of  potassium, 
and  water,  free  hydrogen  escaping. 


+  KC,N  +  H,  +  3H0. 


CijHijNO,  +  2K0,  no  =  CinHgKO^ 

Under  the  influence  of  nitrous  acid,  leucine  is  transformed 
into  leucic  acid  (Strecker),'  nitrogen  escaping. 

;i(C,jH,sN04)  +  2N0j  =  C^Ilj^O,,  +  -IN  +  2H0. 

Ltiidne  Leucic  iclrl. 

Zollikofer  [1852}  found  that  the  watery  solution  of 
leucine  is  not  precipitated  by  salts  of  metals,  not  even  by  the 
nitrates  of  the  protoxyde  and  suboxyde  of  mercury,  nor  by  | 
corrosive  sublimate;  basic  acetate  of  lead  being  the  sole  ex- 
ception to  this  rule.  This  has  been  confirmed  by  Goessmanu 
(1854).  It  is  therefore  a  great  oversight  on  the  part  of  ' 
authors  of  systematic  treatises  on  organic  and  medical  che- 
mistry, to  continue  to  state  in  1854  and  1857,  what  in  1853 
had  been  proved  to  be  incorrect. 

Sails  of  Leucine.' — The  combinations  of  leucine  with  acida   , 
may  be  produced  in  a  direct  manner. 

Hydrochlorate  of  Leucine  {C^HiaNOj,  HCl)  formsciTStaU  | 
easily  soluble  in  water.  | 

Nitrale    of   Leucine,    or    Leuconilric    Acid    (C,jH,3N04,   i 
NOgH),  appears  in  colourless  concentric  groups  of  nellies. 
It  forms  a  salt  with   lime,  crystallizing  in  small  warts,  and   ' 
containing  water  of  crystallization ;   and   another  salt  with 
magnesia,  api}caring  in  Email  granular  crystals. 
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With  nitrate  of  silver,  leucine  forms  a  cryatallizable  com- 
pound. 

Leucine  enters  into  combination  with  the  oxydes  of  several 
metals. 

Leuritte  and  Oxyde  of  Copper.  C^^^^^0^,  CuO. — Hy- 
drated  oxyde  of  copper,  when  just  precipitated,  dissolves  in  a 
solution  of  leucine,  easily,  and  in  large  quantities,  forming 
a  blue  fluid.  When  this  solution  is  evaporated  on  the  water- 
bath,  lilue  crystals  of  the  above  compound  are  obtained, 
which  are  very  similar  to  the  ammonio-sulphate  of  co]»per. 
If  a  solution  of  leucine  is  boiled  with  an  excess  of  hydrate  of 
oxyde  of  copper,  the  above  soluble  compound  and  an  insolu- 
ble one  are  formed, 

Leucine  and  Oxyde  of  Mercury.  It  may  be  prepared  like 
the  copper  compound,  or  by  neutralizing  with  potash  a  mix- 
ture of  solution  of  nitrate  of  protoxyde  mercury  and  solution 
of  leucine.  It  contains  one  equivalent  of  protoxyde  of 
mercury. 

Leucine  and  Oxyde  of  Lead.  C^J^\^^0„  PbO.— When  to 
a  boiling  mixture  of  solution  of  leucine  and  neutral  acetate 
of  lead  ammonia  is  carefully  and  gradually  added,  httle  scales 
of  the  lustre  of  mother-of-pearl  are  deposited  (Strecker). 

If  a  solution  of  leucine  is  boiled  with  an  excess  of  oxyde  of 
lead,  or  if  to  a  boiling  mixture  of  solutions  of  leucine  and  acetate 
of  lead  ammonia  is  added  in  excess,  an  insoluble  compound  of 
the  formula  Ci;(HjaN04,  (PbO)g  is  produced  (Goessmami). 


Mode  of  obtaining  Leucine  from  Urine. 

The  above  tests  with  lead  may  perhaps  be  made  available 
for  that  purpose.  1  have  obtained  leucine  as  a  deposit  by 
concentration  of  the  urine.  The  deposit  may  be  washed 
with  cold  alcohol,  and  purified  by  lime,  charcoal,  and  so  on ; 
or  in  one  of  the  ways  indicated  almve.  All  this  will  only 
serve  to  prove  its  presence :  we  have,  as  yet,  no  means  for 
determiuiug  its  quantity. 


Elementary  composition :  CigHjiNO^. 

The  occurrence  and  mode  of  obtaining  tyrosine  have  al- 
ready been  described.  It  was  discovered  by  Liebig  as  a 
product  of  the  decomposition  of  cliccsc  by  tiised  caustic 
potash. 


TYROSINE. 


Physical  and  Chemical  properties.  I 

It  crystallizes  in  voluminous  white  needles,  which  on  dry- 
ing contract  to  a  silky  film  of  white  colour  and  some  lustre. 
As  Buch  I  obtained  it  from  the  inspissated  watery  extract  of 
the  liver.     It  is  without  taste  or  odour. 

In  cold  water  it  is  scarcely  soluble,  easily  in  boiling  water. 
It  is  insoluble  in  alcohol  and  ether.  It  dissolves  rapidly  in 
mineral  acids  and  alkalies,  j-ielding  compounds  which  are 
even  soluble  in  alcohol.  From  a  solution  in  ammonia,  it 
crystallizes  unchanged,  but  in  larger  crystals  on  spontaneous 
evaporation  of  the  fluid.  From  the  alkaline  solution  it  is 
precipitated  by  acids.  Heated  on  the  platinum  foil,  it  buros 
without  leaviD<2:  any  residue,  emitting  the  odour  of  biumt 
horn. 

When  tyrosine  is  dissolved  in  strong  nitric  acid,  the  solu- 
tion, after  a  short  time,  j-ields  brownish -yellow  crystals  of 
nitrate  of  nitrotyrosine,  C,gH|o\NOft,  HO,  NOg. 

From  its  formula,  tyrosine  may  be  considered  to  be  a  copu- 
lated compound  of  glycocoll  and  saligenine. 

CisHiiNOg  =  C.HjNOj  +  ChHA  — 2H0.  | 


Tyro! 
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Under  the  influence  of  boiling  nitric  acid,  tyrosine  is  de- 
composed, oxalic  acid  being  one  of  the  principal  products. 

Nitrate  of  protoxyde  of  mercury  causes  a  precipitate  of  red 
flakes  in  a  solution  of  tyrosine  while  boiling.  The  precipi- 
tate subsiding  to  the  bottom,  leaves  a  clear  fluid  above  it, 
which  has  an  intensely  pink  or  dark  rose-red  colour.  This 
test  is  so  nice,  that  it  is  obtained  e\en  when  the  watery  so- 
lution of  tyrosine,  saturated  at  the  onlinary  temperature  of 
the  air,  is  diluted  several  times  with  its  own  volume  of  water 
(R.  Hoffmann). 

If  some  tyrosine  and  one  or  two  drops  of  sulphuric  arid 
arc  placed  on  a  watch-glass,  covered,  and  allowed  to  stand 
for  alraut  half  an  hour,  and  the  mixture  is  then  diluted  with 
water,  neutralized  with  carbonate  of  lime  and  filtered,  and  if 
to  the  filtr:itc  a  solutiou  of  chloride  of  iron  is  added,  cou- 
taioing  no  free  acid,  a  rich  violet  colour  is  immediately  pro- 
duced. Neutral  chloride  of  iron  will  produce  this  test  with 
all  neutral  salts  of  the  tyrosino-sidphuric  acid. 

Tyrosine  was  discovered  in  the  urine  of  typhus  patients  by 
Frerichs  and  Stadeler.  It  is  most  probably  formed  in  the 
liver,  together  with  leucine. 
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Xanthine,  or  xautlii*;  oxydc,  wiis  discovered  by  Dr. 
Marcet,'  in  1819,  and  was  first  analysed  by  Wtihler  and 
Liebig,'  afterwards  by  Laugier.*  It  has  as  yet  been  found 
in  tliree  instances  only,  forming  calculi  from  the  urinary 
bladder  of  man.  It  contains  one  equivalent  of  oxygen  more 
than  hypoicaiitliine,  from  which,  in  its  reactions,  it  is  only 
distinguished  by  its  insolubility  in  water. 

Urinary  calculi  consisting  of  xanthine  are  light  or  dark 
yellowish- brown  in  colour,  of  even  surface,  hard  in  sub- 
stance, of  the  hardness  of  the  ordinary  uric  acid  calculi,  con- 
structed of  concentric  layers  without  fibrous  or  crystalline 
texture.  On  Mction  the  calculi  assume  the  glistening  ap- 
pearance of  wax. 


Mode  of  obtaining  Xanthine  from  Calculi. 

The  calculus  is  dissolved  in  caustic  potash,  and  the  filtrate 
precipitated  by  a  current  of  carbonic  acid.  The  precipitate, 
which  is  white  and  pulverulent,  is  washed,  and  on  drying 

;  of  CilculoDi  Dii- 
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forms  into  hard  yellowish  pieces,  which  become  wai-Iike  on 
friction,  and  are  free  from  potash. 


Chemical  properties. 

Subject  to  dry  distiUatioii,  the  xanthine  calculna  yields 
much  pruaeic  acid,  and  a  sublimate  of  carbonate  of  ammonia, 
but  no  urea.  Heated  before  the  blowpipe,  it  breaks  into 
pieces,  blackens,  emits  a  peculiar  weak  odour  of  burning 
animal  matter,  which  is  different  from  that  of  burning  uric 
acid,  and  more  like  that  of  burnt  horn,  and  then  is  bunted, 
leaving  oidy  little  ashe». 

Its  solution  in  nitric  acid,  on  evaporation,  leaves  a  lemon- 
yellow  dry  residue,  which  is  partly  soluble  in  water;  this 
solution  is  yellow,  becomes  discoloured  with  acids,  reddened 
by  the  addition  of  caustic  potash,  and  then  yields  a  carmine 
mass  on  evaporation,  which  is  soluble  in  water  with  a  yellow 
tii^e.  The  solution  in  caustic  potash  gives  a  yellow  preci- 
pitate with  hydrochlorate  of  ammonia,  and  is  decomposed  by 
liquor  sodie  chlorinatse,  the  solution  becoming  dark  at  first, 
then  colourless,  under  evolution  of  nitrogen  gas. 

Xanthine  is  slightly  soluble  in  boiling  water,  from  which 
solution  it  is  precipitated  on  cooling  in  the  form  of  a  thin 
membranous  laver. 

It  is  soluble  m  oil  of  vitriol,  and  is  not  precipitated  from 
this  solution  by  the  addition  of  acids.  In  dilute  acids  it  is 
very  little  soluble.  It  is  insoluble  or  scarcely  soluble  in 
hydrochloric  acid. 

It  is  more  easily  soluble  in  ammonia  than  uric  acid,  and 
the  solution  on  evaporation  leaves  a  yellowish  lamellated 
mass,  containing  yet  some  ammonia. 

It  readily  dissolves  in  caustic  potash,  and  is  precipitated 
from  the  solution  by  acids.  The  solution  is  dark  greenish- 
brownish -yellow,  like  bile,  and  deposits  xanthine  immedi- 
ately, when  a  current  of  carbonic  acid  gas  is  being  transmitted 
through  the  fluid.  The  addition  of  hydrochlorate  of  ammo- 
nia to  the  solution  also  causes  a  precipitate,  but  only  on 
evaporation,  during  which  ammonia  is  being  evolved. 

Xanthine  ia  soluble  in  a  watery  solution  of  carbonate  of 
potash,  insoluble  in  bicarbonate  of  ammonia,  potash,  or 
soda. 

It  ia  a  little  soluble  in  acetic  acid. 

It  is  insoluble,  or  scarcely  soluble,  in  osalic  acid. 

It  is  insoluble  in  spirits  of  wine  and  ether. 
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This  substance  has  been  discovered  by  Sehercr  in  the 
spleen  and  heart  of  man,  and  of  cattle.  In  the  heart  it  is 
frequently  found  in  such  quantities,  as  to  form  a  precipitate 
when  tlie  extract  by  boiling  water  of  this  organ  ia  allowed  to 
cool.  The  blood  of  cattle  sdso  contains  this  substance,  which 
has  moreover  been  discovered  in  larger  quantities  in  the 
blood  and  urine  of  patients  labouring  under  leukiemia. 

Mode  oj obtaining  Hypoxanth'nie. 

The  organs  are  finely  chopped  and  boiled  in  water.  Tlie 
solution,  when  strained  from  the  fibres  and  coagula,  is  treated 
with  baryta-water,  which  precipitates  phosphoric  acid  with 
the  baryta.  The  fi.ltrate  is  evaporated,  when  the  excess  of 
baryta  becomes  insoluble,  as  carbonate.  When  the  fluid  is 
reduced  to  a  small  bulk,  it  is  treated  with  sulphuric  acid. 
The  precipitate  of  sulphate  of  baryta  uow  forming,  throws 
down  with  it  nric  acid  and  hypoxanthine.  The  latter  two 
substances  are  extracted  by  boiling  solution  of  potash,  and 
the  solution  is  treated  with  cldoride  of  ammonium ,which  preci- 
pitates uric  acid,  wliile  hypoxanthine  remains  in  solution,  from 
which  it  may  be  precipitated  by  a  current  of  earlwuic  acid 
gas. 
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Physical  and  Chemical  properties. 

Hypoxanthine  appears  as  an  indistinctly  crystalline  pow- 
der, which  may  be  triturated  without  assuming  the  glistening 
surface  of  wax.  It  is  soluble  in  1090  parts  of  cold,  and  in 
180  parts  of  boiling  water.  The  watery  solution  is  without 
influence  on  vegetable  pigments.  It  is  slightly  soluble  in 
boiling  alcohol,  falling  down  from  the  solution  on  cooling. 
In  boiling  nitric  acid  it  is  soluble  with  effervescence ;  and  on 
cooling  of  the  solution,  white  crystals  appear,  which  most 
probably  are  a  product  of  decomposition. 

When  the  solution  in  nitric  acid  is  gently  evaporated,  it 
leaves  a  residue  of  an  intensely  yellow  colour,  which  by 
treatment  with  caustic  potash  becomes  orange. 

It  is  almost  insoluble  in  cold  hydrochloric  add,  a  little 
more  soluble  in  the  boiling  acid,  but  forms  no  combination 
with  it. 

It  is  soluble  in  concentrated  sulphuric  acid,  without  the 
formation  of  charcoal  or  the  evolution  of  gas. 

It  is  soluble  in  caustic  potash,  and  is  precipitated  from  the 
solution  by  carbonic  acid. 

It  readily  dissolves  in  ammonia ;  and,  when  the  latter  eva- 
porates, remains  as  a  lamellated  mass,  with  little  adhesion 
to  the  walls  of  the  vessel. 


CHAPTER  XXXn, 
SAECINE     (CAUNINE). 
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History  and  Occurrence. 

This  substance  liaa  lately  been  discovered  and  described' 
by  Professor  A.  Strecker,  of  Christiania,  who  provisionally 
gave  it  the  name  of  sarcine.  But  aa  this  name  might  lead  to 
mienuderstanding,  by  its  lieing  identical  with  the  name  of  the 
algaj  aarcina  veutriculi,  discovered  hy  Goodsir  in  vomit, 
and  which  also  occurs  in  the  urine,  I  propose  carnine  as  a 
temporary  synonym,  until  the  discoverer  shall  have  definitely 
baptized  this  substance.  " 

Carnine  occurs  in  tlie  juice  of  flesh,  together  with  the 
several  principles  discovered  and  described  by  Liebig,  and 
many  others  as  yet  undetermined.  When  to  the  mother- liquor 
of  creatine  a  solution  of  either  corrosive  sublimate,  nitrate  of 
protoxyde  of  mercury,  ammonio- chloride  of  zinc,  or  acetate  of 
copper  is  added,  a  considerable  precipitate  is  produced,  which 
in  every  instance  contains  an  organic  base  as  an  essential  con- 
stituent. This  organic  base  occurs  in  beef  and  horse-flesh 
in  about  equal  quantities,  and  is  also  most  probably  au  in- 
gredient of   human  urine.     The  substance   discovered    by 

■  -QuvMrl;  Jouni.  gf  Ibe  Ctiim.  Soe.,'  Tot.  x,  p.  Ill,  Jalv,  I8&7. 
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Strecker  in  human  urine  closely  rCBemlilcs  eaniine  in  iw  rom- 
pouiids ;  the  only  doubt  as  to  whether  it  may  not  l)c  guaniuc. 
Dr.  Streeker  is  about  to  decide  by  further  aimlyses. 

Mode  of  obluining  it  pure. 

TKe  most  advantageous  method  of  preparing  this  }>aae  is  by 
precipitation  with  acetate  of  cop|)er.  The  mother-liquor  of 
the  creatine  crystals  is  diluted,  and  mixed  with  a  dihite  solu- 
tion of  copper.  The  copious  precii)itate  tlnis  produced  is 
decomposed  hy  sulphuretted  hydrogen  (hydrothion),  when  the 
base  remains  in  solution.  To  remove  colouriu}?  matter,  the 
solution  is  boiled  with  hydrated  oxyde  of  lead,  wliich  also 
tiikes  up  a  small  quantity  of  caniine.  The  filtrate  from  the 
lead  is  treated  with  hydrothion,  anti  after  filtration  evaporated, 
-  when  camine  is  obtamed  in  a  ervstalline  form. 


Phyniral  nnd  Chtinical  cfiararlerg. 

From  its  warm  saturated  solution,  camine,  on  cooling,  is 
deposited  as  a  white,  indistinctly  crystalline  powder,  fre- 
quently, however,  adhering  as  a  dense  crust  to  the  sides  of  the 
vessel.  It  is  soluble  in  300  parts  of  water  of  15°  C.  (60*  F.) 
teniperat\irc,  and  in  78  parts  of  Ijoiling  water ;  it  requirei 
WX)  parts  of  boiling  alcohol  for  solution.  The  solutions  do 
not  change  the  colour  of  litmus  paper,  and  have  not  got  any 
very  characteristic  taste.  In  hydrochloric  aci<l,  ammonia,  and 
jHttash,  camine  dissolves  much  more  readily  than  in  cold 
water ;  less  readily  in  dilute  nitric  anil  sulphuric  acid.  It  is 
largely  soluble  in  concentrated  nitric  and  sulphuric  add, 
without  discoloration  or  evolution  of  gas. 

In  a  boiling  solution  of  camine,  basic  acetate  of  lead  pro- 
duces a  precipitate.  From  its  watery  solution,  camine  is 
further  precipitated  by  ammonio-cliloride  of  sine,  by  cadmium 
salts,  the  mercury  salts  already  mentioned,  and  the  salts  of 
many  other  metals.  Caustic  alkalies,  including  baryta, 
dissolve  caniine ;  from  these  solutions  it  is  mostly  precipitated 
by  a  current  of  carWuic  acid  gas.  From  these  characters, 
and  the  nature  of  its  combinations,  It  is  evident  that  c 
is  a  base. 


CompoHndt. 

Camine  forms  well  defined  combinations  witli  acids,  me- 
tallic oxydes,  and  salts. 

Hydr'ochhmlt  of  camine.    CmH^N^Oj,  HCl  +  2Aq.— The 
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Milutiou  of  sarciiie  in  boiliug  coiictiutrated  hydrucliloric  acid, 
dejiusita,  on  cooling,  colourlces  crystalline  platea  of  the  fore- 
mentioned  composition.  When,  however,  the  solution  of 
iiydrochl orate  of  earciiie  in  water  is  repeatedly  evaporated  to 
dryiJChS  on  tlic  water-bath,  a  residue  ia  at  leiiRt'i  obtained, 
containing  no  hydrochloric  acid.  Water  has  therefore  a  de- 
composing intluence  upon  this  salt. 

Hydrocklorate  of  camUu-  and  bichloridt  qf  jila/inum.  Ci^H^ 
N^Oj,  HCl,  PtCl^, — On  adding  a  solution  of  biclUoride  of  pla- 
tinum to  a  concentrated  solution  of  crystals  of  hydrochlorate 
of  carninc,  this  platinum  salt  is  deposited  in  yellow  crystalline 
masses,  which  are  sparingly  soluble  in  eold  water,  but  readily 
dissolve  in  a  higher  temperature. 

Nitrate  of  carnitte.— The  solution  of  carnine  in  concentrated 
nitric  acid,  deposits,  on  standinp;,  transparent,  colourless  cry- 
stals (apparently  rhombic  octaliedra)  of  nitrate  of  carnine, 
which,  on  exposure  to  air  or  water,  become  white  and  opaque, 
without  any  alteration  of  shape. 

Sulphate  of  carnine.—the  solution  of  carnine  in  concen- 
trated sulphuric  acid,  deposits,  on  standing,  or  by  addition  of 
alcohol,  colourless,  needle  shaped  crystals  of  sulphate  of  car- 
nine,  which,  on  coming  in  contact  with  water,  crumble  to  a 
white  powder. 

Carnine,  when  treated  with  concentrated  acids  at  a  tera- 
l^rature  of  240°  V.  (100°  C),  does  not  undergo  any  decom- 
position. Its  solution,  when  mixed  with  aqua  regia  and 
evaporated  on  the  water-bath,  leaves  a  residue,  which  consists 
mainly  of  unchanged  carnine. 

Carnine  and  baryta.  CmHjBa.NjOj  +  -lAq.^A  solution  of 
carnine  in  baryta-water,  on  addition  of  a  larger  quantity  of 
baryta-water,  deposits  b'ansparent  colourleiie  crystals  of  car- 
nine-baryta.  From  the  solution  of  this  salt  the  Itaryta  may  be 
precipitated  by  a  current  of  carbonic  acid  gas. 

Carnine  and  oxyde  of  stiver.  Ci^H^Ag^N^O;,  +  2Aq, — On 
adding  a  solution  of  sarcine  to  an  ammoniacal  solution  of 
nitrate  of  silver,  a  flocculcnt  precipitate,  quite  insoluble  in 
water  and  ammonia,  is  obtained,  which  on  drying  Ijccomes  a 
hard  raass,  like  alumina. 

Carnine  and  nitrate  of  silver.  C,oH4N.Oj,  AgO,  NOj. — A 
solution  of  carnine  in  water,  when  mixed  with  a  solution  of 
nitrate  of  silver,  forms  a  floccnlent  precipitate,  wliich  is  in- 
soluble in  dilute  nitric  acid  at  the  onlinary  temperature.  It 
is,  however,  completely  soluble  in  boiliug  concentrated  nitric 
acid,  and  from  this  solution  is,  on  cooling,  deposited  in 
colourless  scaly  crj-stals,  and  so  completely,  that  the  filtrate 
scarcely  yields  any  precipitate  on  addition  of  hydrochloric  acid. 


3M  SABCINE. 

In  its  elementary  compotsitiou  it  stands  near  to  guauiue, 
only  cDDtaiiiiiig  one  equivalent  of  nitrogen  and  hydrofjen  less 
tlian  that  base.  It  also  presents  great  analogies  to  it  in  its 
eom  pounds. 

Its  elementary  composition  is  identical  with  that  of  hvpo- 
santhine,  the  base  discovered  by  Seherer  in  the  spleen,  and 
eiuee  found  by  him  in  various  organs.  The  two  substances 
likewise  agree  in  certabi  other  characters ;  hyposauthine, 
however,  is  almost  insoluble  in  water  and  hydrochloric  acid — 
a  difference  from  camine,  which  cannot  be  accounted  for  by 
simple  difference  of  purity  of  the  preparations.  Hypoxanthioe 
dissolves  in  warm  nitric  acid  with  evolution  of  gas,  and  on 
cooling  j-ields  a  product  of  decomposition.  The  solution  in 
nitric  acid,  on  evaporation  to  dryness,  leaves  a  yellow  residue, 
assuming  a  red  colour  on  the  addition  of  caustic  potash. 
Camine,  on  the  other  hand,  dissolves  in  nitric  acid  without 
evolution  of  gas,  and  the  solution  by  evaporation  on  the 
water-bath,  leaves  a  colourless  mass,  which  docs  not  become 
yellow  unless  very  strongly  heated;  on  addition  of  potash 
this  residue  assumes  a  red  colour.  Xanthine  and  guanine 
have  very  similar  reactions. 

From  its  elementary  composition,  xanthine  (C.^H^N.OJ 
might  be  considered  as  a  compound  of  uric  acid  witn  camine, 

2C|„H,Np4^=  C,„H,Np„  +  C|„H,NPj; 
Xanlhme.  Uric  acid.  Cunine. 

but  its  chemical  affiuities  do  not  accord  with  this  view.  By 
mixing  a  solution  of  hydrochloratc  of  camiue  with  urate 
of  soda,  not  xanthine,  but  an  isomeric  compound — urate  of 
camine — is  obtained,  which,  under  the  inllucuce  of  acids, 
separates  iiito  its  original  constituents. 


CHAPTER  XXXIII. 
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Literature. 

Woltaston,  '  Philoa.  Transact./  1810,  p.  223.— Cystine  dis- 
covered, constituting  a  calculus,  1810. 

Baudrimont  and  Malaffuli,  'Journ.  d.  Pharm.,'  vol.  xxiv, 
p.  633. — Proved  the  presence  of  sulphur,  which  had  been 
overlooked  by  Prout  and  Lassaigne. 

Thaulow,  'Ann.  d.  Pharm.,'  vol.  xxvii,  p.  197.- — Best  ele- 
mentary analysis. 

Marchand,  '  Joum.  d.  Pract.  Chem.,'  vol.  xvi,  p.  255. 

For  the  rest  of  the  casuistic  see  Gmelin'e  '  Handb.  d. 
Org.  Chem.,'  4th  edit.,  vol.  ii,  p.  133. 

Occurrence. 

Cystine  is  the  principal  constituent  of  a  rare  description 
of  c^culuB ;  small  calculi  are  sometimes  made  up  of  pure 
cystine,  and  then  appear  yellow,  transparent,  was-likc,  of  a 
crystalline  texture.  They  cut  like  dry  walnut,  may  be  pow- 
deredj  aud  are  gritty  between  the  teeth,  tasteless,  and  ne\itral. 
When  the  calculi  arc  not  made  up  of  pure  cystine,  they 
generally  contain  an  admixture  of  earthy  phosphates,  aud 
then  arc  greeuish-bluc,  dirty  greenish-grey,  or  fawn-brown. 
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CyBtine  gravel  has  occasiouallr  been  obtsined  from  dogB.^ 
Latterly  cystine  has  beeo  discovered  by  Scberer'  to  be  pre- 
sent in  the  liver  of  typhus  patients.  Another  observer*  has 
ouce  obtained  it  from  the  kidneys  of  oxen,  but  could  not 
meet  with  it  again  in  the  same  substance.  Two  calculi  of 
cystine  were  found  in  the  calyces  of  the  kidneys  of  an  old 
woman  by  Professor  Virchow.*  Lastly,  it  is  met  with  in  the 
urine  in  solution  and  as  a  deposit.  Where  it  occurs  dis- 
solved it  is  probably  by  means  of  some  alkali,  either  the 
alkali  by  means  of  which  it  was  excreted  from  the  kidneys, 
or  an  alkali  formed  in  the  urinary  passages,  ammonia  which 
has  lost  some  carbonic  acid,  as  is  usual  in  decomposed 
urine. 

But  this  is  merely  a  supposition,  supported,  however,  by  the 
obscnation  of  Julius  Miiller,'  who  found  cystine  dissolved 
in  the  alkaline  urine  of  a  boy  six  and  a  half  years  old.  Here 
the  alkaline  condition  seemed  to  be  due  to  the  presence  of  a 
large  cystine  calculus  in  the  bladder.  After  the  operation  of 
lithotomy,  the  urine  became  acid.  Two  months  later,  the 
urine  became  agaiu  alkaline,  and  gave  a  deijosit  which,  when 
cleared  of  earthy  phosphates  by  means  of  acetic  acid,  showed 
itself  to  be  cystine  again.  The  urine,  on  being  filtered  and 
treated  with  acetic  acid,  after  the  lapse  of  twenty-four  hours 
yielded  another  precipitate  of  cystine.  This  case  shows  that 
the  conditions  under  which  cystine  occurs  in  an  insoluble  op; 
in  a  dissolved  condition  require  further  investigation.  ^ 

Decompositions.  ^M 

When  subjected  to  dry  distillation,  cystine  yields  pruasic 
acid,  carbonate  of  ammonia,  a  fluid,  thick  and  stinking  oil, 
and  leaves  a  spongy  charcoal.  Heated  in  the  open  air,  it 
develops  sulphurous  acid,  recognisable  by  the  smell,  hut 
docs  not  fuse,  or  melt,  or  blister.  When  fused  with  caustic 
potash.  It  gives  off  an  inflammable  gas,  which  bums  with  the 
flame  of  sulphocarbon  and  under  production  of  sulphurous 
acid.  (This  gas  is  most  probably  sulphuretted  hydrogen,  as 
is  made  probable  by  the  following  reaction.)  When  cystine 
is  boiled  in  caustic  j>otash  solution,  in  which  some  hydrated 
osydc  of  lead  has  previously  been  dissolved,  a  large  precipi- 
tate of  sulphuret  of  lead  is  obtained  (Liebig).  The  solution 
of  cystine  in  excess  of  nitric  acid,  on  evaporntiou  by  boiling, 
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leaves  at  tirst  a  white,  not  trausparent  mass,  which  becomes 
brown  and  black,  and  coiitaioa  sulphuric  acid. 

Cystine  crystallizes  in  six-sided  plates  of  the  arrangementB 
represented  in  fig.  1,  plate  VI,  These  crystals  are  very  cha- 
racteristic, and  therefore  a  valuable  means  of  dia^osis. 

Cystine  is  insoluble  in  water,  but  soluble  in  dilute  strong 
acids,  from  which  solution  it  is  precipitated  by  carbonate  of 
ammonia.  The  solution  on  evaporation  yields  a  salt,  mostly 
crystallizing  in  groups  of  needles.  The  phosphate,  sul- 
phate, hydrochlorate,  and  nitrate  are  the  compounds  best 
known. 

Cystine  is  easily  soluble  in  a  watery  solution  of  ammonia, 
potash,  soda,  and  lime ;  also  in  the  hicarbonates  of  potash 
and  soda,  but  not  in  bicarbonate  of  ammonia.  The  solution 
in  ammonia  on  spontaneous  evaporation  leaves  the  cystine 
pure  in  crystals.  The  other  solutions  leave  granular  crystals, 
the  composition  of  which  is  not  ascertained.  From  the 
alkaline  solutions,  cystine  is  precipitated,  after  a  few  seconds, 
by  acetic,  tartaric,  and  citric  acids,  in  the  form  of  a  tine  white 
powder ;  these  solutions  are,  however,  not  precipitated  by 
either  sulphuric,  hydrochloric,  or  nitric  acid. 

Cystine  is  soluble  in  a  watery  sohition  of  oxalic  acid. 


CHAPTER  XXXIV. 


ALLANTOINE. 


Elements:  C^HgNjOe-                   Carbon  .  30*38 

Hydrogen  .  3*80 

Nitrogen  .  35*44 

Oxygen  .  30-38 
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Literature* 

Vauquelin  and  Buniva, '  Ann.  Chim.,'  vol.  xxxiii^  p.  269. — 
Discovered  (1800)  allantoine  in  the  allantoic  fluid  of  the 
cow,  which  was  probably  mixed  with  amniotic  fluid. 

C.  G.  Grnelin,  '  Gilb.  Ann./  vol.  Ixiv,  p.  350. 

Lassaigne,  '  Ann.  d.  Chim.  et  de  Phys./  vol.  xvii,  p.  301  ; 
also  ^  Joum.  de  Phys./  vol.  xcii,  p.  406. — Showed  that  allan- 
toine was  peculiar  to  the  allantoic  fluid. 

Liebig,  ^  Poggcnd.  Ann./  vol.  xxi,  p.  34. 

Liebig  and  JVuhler,  '  Ann.  d.  Pharm./  vol.  xxvi,  p.  244 ; 
'  Pogg.  Ann./  vol.  xli,  p.  561. — Allantoine  a  product  of  de- 
composition of  uric  acid  by  oxydation. 

IVuhler,  '  Ann.  d.  Pharm./  vol.  Ixx,  p.  229. — Allantoine 
discovered  to  be  a  natural  ingredient  of  the  urine  of  sucking 
calves. 

Stadeler. — Allantoine  in  the  urine  of  a  dog,  into  whose 
veins  oil  had  been  injected. 


Mode  of  obtaining  Albmioine. 

The  allantoic  fluid  of  the  cow  (which  is  mostly  mixed  witli 
amniotic  liquor)  is  evaporated  to  one  quarter  of  its  original 
bulk,  and  cooled  dowa  to  make  allantoine  cryatallise.  Al> 
laiitoiuc  is  also  precipitated  from  the  fluid,  when  it  is  allowed 
to  stand  for  some  length  of  time,  and  may  then  be  separated, 
dissolved  in  hot  water,  and,  after  filtration,  recrystallized. 

The  urine  of  calves  is  obtained  (according  to  Wbhler)  by 
tying  the  bladder  before  the  animals  are  killed  by  the 
butcher.  This  proceeding  can  only  be  adopted  in  countries 
where  the  calTca  are  killed  very  early,  as  in  Germany  and 
Switzerland.  In  this  country,  therefore,  other  proceedings 
must  be  had  recourse  to  for  obtaining  the  urine.  Among 
those  which  are  practicable,  the  catheterism  of  female  ammals 
appears  to  be  most  suitable.  The  urine  thus  obtained  is 
evaporated  ou  the  water-bath  to  a  syrupy  consiBtence,  and  is 
put  in  a  cold  place  for  several  days,  then  diluted  with  water. 
The  gelatinous  precipate  of  urate  of  magnesia  is  then  re- 
moved by  washing,  when  there  remain  only  crystals  of  phos- 
phate of  magnesia  and  allantoine.  They  are  now  washed 
with  a  little  cold  water,  boiled  with  water  and  a  little  good 
animal  charcoal,  and  filtered,  when  most  of  the  phosphate  of 
magnesia  remains  ou  the  filter.  The  addition  of  a  few  drops 
of  hydrochloric  acid  to  the  filtrate  keeps  in  solution  the 
phosphate  of  magnesia,  and,  ou  cooling,  colourless  allantoine 
crystallizes  from  the  solution  (Wiihler) . 

Stadeler  obtained  allantoine  from  the  urine  of  a  dog  as 
follows ;  The  urine,  immediately  after  passing,  was  precipi- 
tated with  basic  acetate  of  lead,  and  the  excess  of  lead  was 
removed  from  the  filtrate  by  sulphuric  acid  and  hydrothion. 
The  colourless  fluid  was  evaporated  on  the  water-bath.  The 
residue  was  extracted  with  boiling  spirits  of  wine  of  82  per 
cent.,  and  the  yellowish  solution  put  aside  in  a  well-closed 
bottle.  After  the  lapse  of  several  days  a  large  quantity  of 
small  white  groups  of  crystals  appeared  deposited  upon  the 
sides  of  the  bottle,  which  were  almost  insoluble  in  cold  water, 
but  dissolved  iu  boiling  water,  and  on  cooling  were  deposited 
again  in  larger  glistening  crystals.  This  body  was  allantoine. 
Mode  of  obtaining  allantoine  from  uric  a cirf.^ Powdered 
uric  acid  is  suspended  in  little  water,  and  heated  to  near 
the  boiling  point.  Peroxyde  of  lead  in  a  finely  pow- 
dered state  is  now  added  to  the  fluid,  which  is  continued  to 
l)e  kept  hot,  until  the  last  jKirtions  of  the  pcroxyde  are  no 
longer   transformed  into   a  white  mass,       The  mixture    is 
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now  filtered  hot,  and  tfic  filtrate,  on  cooling, 

cvapomtion  and  cooling,  yields  allantoine  in  crystals;  the 

niuthcr-Iiqiior  contains  urea,  from  the  last  traces  of  which 

the  cni'atala  of  allantoine   may   b?   separated    by  recrystal-; 

lization. 


Phijincal  and  C/w/iticii/ propcrlirx. 


Allaatoinc  crystallizes  in  glass-like  needles ;  when  obtained 
from  uric  acid  it  repreacnta  rliomhoedric  crystals,  comhincd 
with  the  hexagonal  prism  or  column.  It  is  tasteless, 
colourless,  and  ha«  uo  reaction  on  teat- paper.  Exposed 
to  the  air  it  undergoes  no  change ;  it  contains  no  water 
of  crystallization. 

Subjected  to  dry  distillation,  it  yields  carbonate  and 
hydroeyanate  of  ammonia,  cmpyreiimatic  oil,  and  a  spongy 
charcoal.  Heated  with  oil  of  litriol  it  is  decomposed  into 
sulphate  of  ammonia  and  a  mixture  of  carbonic  acid  and  oxyde 
of  carbon. 

When  gently  warmed  with  nitric  acid  of  a  specific  gjavity 
of  1'2  to  li,  during  which  process  no  gas  is  evolved,  the 
solntion  on  cooling  yields  nitrate  of  urea  in  crystals.  The 
solution,  on  being  evaporated  to  dryness,  leaves  nitrate  of  urea 
and  aUanturic  acid. 
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C^H^Np,  +  2H0  =  CjH.Np,  +  QH^NjOg. 


The  same  decomposition  of  allaiitoine  can  be  brought  about 
by  boiling  it  with  hydrochloric  acid,  fay  heating  it  enclosed 
with  water  in  a  strong  tube  to  a  temperature  of  from  110°  to 
1 10  C.  (230°  to  28-l.°  F.)  (Here  urea  is  further  decomposed 
into  ammonia  and  carbonic  aciii.) 

AJlantoine  is  soluble  in  160  parts  of  cold  water,  in  30  of 
boiling  water ;  it  is  soluble  in  hot  alcohol,  and  crystal  1  in i:s 
from  lx)th  these  hot  solutions  on  cooling.  It  is  soluble  in  cold 
solution  of  caustic  potash,  and  is  precipitated  from  tliis  solu- 
tion by  the  addition  of  acids.  If,  however,  allowed  to  remain 
in  this  solution  for  any  length  of  time,  it  is  metamorphosed. 
It  is  soluble  in  solutions  of  the  carbonates  of  the  alkalies. 
When  boiled  with  hydrate  of  potash  or  baryta,  it  is  resolved 
into  ammonia  and  oxalic  acid.  Tlte  same  decomposition 
taJces  place  under  the  influence  of  yeast,  at  a  tem[>erature  of 
30°  C.  (86°  P.)  Urea,  oxalate  and  carbonate  of  ammonia, 
and  a  new  acid,'  not  uiveatigated,  are  the  products  of  the  de- 
composition . 
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3iQg  to  a  bulling  saturated  solution  of  allantoine  iu 
water  nitrate  of  silver,  and  then  ammonia,  so  long  as  a  preci- 
pitate is  being  formed,  a  combination  of  allantoine  with  oxydc 
of  silver  is  obtained  in  the  precipitate,  which  is  a  white  glis- 
tening powder,  and  under  the  microseope  appears  in  spherical 
balls.  It  is  decomposed  by  all  dilute  acids,  allantoine  being 
set  free. 

A  solution  of  allantoine  is  not  precipitated  by  corrosive 
sublimate.  It  is,  however,  precipitated  by  a  solution  of 
nitrate  of  protoxyde  of  mcrcuiy,  and,  like  urea,  combines  with 
mercury  in  various  proportions,  analogous  to  the  compounds 
of  urea.  (Limpricht.) 

It  enters  into  combination  with  the  oxydes  of  copper, 
cadmium,  lead,  and  zinc,  and  the  combinations  crj'stallizc. 

Pathological  indications. 
In  consequence  of  having  found  allantoine  in  the  urine  of 
a  dog  suffering  from  dyspnoea  following  the  injection  of  oil 
into  his  veins,  Freriehs  and  Stiideler  examined  the  urine  of 
several  persons  suffering  from  dyspnoea,  emphysema,  and 
pneumonia,  as  also  the  urine  of  a  woman  who,  to  relieve  the 
dangerous  dyspnoea  caused  by  an  aneurism  of  the  arch  of  the 
aorta,  was  obliged  to  have  tracheotomy  performed  upon  her. 
In  neither  of  these  cases  were  the  observers  able  to  find 
allantoine  in  the  urine.  It  is  therefore  yet  questiouable 
how  the  appearance  of  allantoine  in  the  urine  of  the 
dog  has  to  be  explained.  It  is  also  a  qucKtion  whether 
allantoine  ever  appears  in  the  urine  of  man.  But  as 
tliere  is  a  probability,  I  have  thought  it  best  not  to  omit 
the  descri|:tiou  of  its  properties,  in  order  that  there 
might  be  less  chance  of  its  being  overlooked  by  future 
observers. 
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Grape-sugah  was  found  by  Lonitz  and  Pronst'  to  be  dis- 
tinct from  cane-sugar.  Tht'nard  and  Dupuj'tren^  proved  the 
sugar  from  tlie  urine  of  diabetic  patients  to  be  identical  with 
grape-sugar. 

This  substance  forms  a  constituent  of  all  sweet-tasting 
fruit,  in  which  it  is  contained  in  various  proportions. 
Raisins,  figs,  dates,  and  other  dried  fruit  contain  it  cry- 
Btalline,  and  in  largest  proportious.  It  is  also  contained  in 
bees'  honey,  mixed  with  an  uucrystallLiied  sugar,  termed 
glucose. 

It  is  found  in  the  human  and  animal  organism  after  food 
containing  sugar  or  starch ;  the  contents  of  the  upper  part  of 
the  small  intestines,  the  chyle,  portal  and  venous  blood,  and 
the  extract  from  the  liver,  give  then  unquestionable  cridencc 
of  its  presence.  But  it  is  more  than  doubtful  whether 
the  substance  found  in  hens'  eggs,  in  the  urine  of  the 
foetus  of  the  cow  and  sheep,  in  the  allantoic  and  amniotic 
fluid  of  cows,  sheep,  and  swine,  which  reduces  oxyde  of 
copper  in  its  alkaline  solution,  is  really  sugar;  as  allan- 
toine,  a  substance  found    to   be    present    in  all  the  fluids 

■  Latritx,  Dr.  Crell'i  'Chem.  Ann.,'  1792,  i,  pp.  21B  Mad  315.  Pmiisl, 
•Journ.  d.  Phjii.  ec  de  ChimV  luil.  p<a57i  Ixix,   p.  428.     -Ann.  de  Chim.,* 

Wii,  pp.  131,  S2a. 

»  Tli^nsrU  ami  Uiipuytren,  '  Aim.  tic  Cliim.,'  lUv.  ji.  45. 
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just  named,  lias  been  found  to  possess  the  same  reaction  as 

iu  diabetes  mellitus,  sugar  is  found  in  all  or  most  of  tbe 
scoretiona,  tissues,  juices,  and  excretions  of  the  body. 

Grape-sugar  may  be  made  artificially  from  cane-sugar  and 
starch,  either  through  the  influence  of  diastase,  or  by  boiling 
nith  dilute  acids  (sulphuric  acid),  as  was  first  discovered  by 
Kirchhoff.'  The  transformation  into  sugar  of  cellulose, 
under  the  same  conditions,  was  observed  by  Braconnot.^ 
Many  immediate  principles  of  plants,  such  as  aruygdaline, 
salicine,  phloridzine,  rhodeoretinic  acid,  rhuberythric  acid, 
arbutine,  populine,  quer citrine,  escuUne,  caincic  acid, 
chinovie  acid,  tannic  acid,  are,  under  the  influence  of 
synaptase,  or  of  dUute  acids  or  alkalies,  transformed  into 
grape-sugar  and  other  compounds.  These  principles  are 
comprised  under  the  class  of  i/lucosides,  or  substances  com- 
bined with  sugar. 

It  has  been  ascertained  by  Pelouze,  that  tlie  substance 
extracted  from  the  liver  by  M.  CI.  Bernard,  and  capable 
of  transformation  into  sugar  under  the  influence  of  im- 
boiled  liver  ferment,  is  really  dextrine,  and  not,  as  many 
at  first  believed,  a  modified  albuminous  substance. 

Grape-sugar  must  not  be  confounded  with  glttcoae,  the 
unerystallizable  sugar  of  acid  fruits,  and  of  honey.  For 
though,  in  the  course  of  time,  glucose  is  transformed  iuto 
grape-sugar  by  molecular  changes,  yet  the  different  in- 
fluence upon  polarized  light,  the  solubility  in  cold  alcohol, 
and  the  amorphous  condition,  are  essential  differences,  and 
must  be  regarded. 


Mode  of  obtainiiy  Grape-sugar. 

Honey  is  treated  with  cold  alcohol,  which  dissolves  the 
uncrystallizable  sugar  or  glucose,  leaving  the  crystallized 
grape-sugar  behind.  The  residue  is  wn^ihed  with  alcohol, 
pressed,  dissolved  in  water,  treated  with  animal  charcoal  and 
white  of  egg,  evaporated,  and  allowed  to  crystallize.  It  may 
be  recrystallizcd  from  boiling  alcohol. 

From  raisins  or  dates  (which  latter,  when  good  and  lail^, 
I  have  found  most  advantageous)  it  may  be  obtained  by  ei- 
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traction  with  boiling  water ;  the  extract,  when  evaporated, 
is,  after  eryatallizatioii  has  taken  place,  treated  in  the  same 
way  as  honey. 

From  diabetic  urine  ^ape-sugar  may  be  obtained  by  eva- 
porating the  urine  in  the  water-bath  to  dryness,  extracting 
the  crystalline  dark -col  oiired  reaidue  on  a  filter  or  othersme 
with  cold  spirits  of  wine,  and  purifying  the  residue  by  repeated 
recrystallizatiou  from  water,  after  treatment  with  albumen 
and  animal  chareoalj  and  at  last  by  recrystallization  firom 
boiling  alcohol. 

Physical  and  Chemical  propertie» . 

From  not  too  concentrated  solutions,  grape-sugar  crystal- 
lizes in  semi -globular  warts,  or  in  masses  like  cauliflower. 
From  the  watery  extract  of  dates,  and  from  bulky  solutions 
in  alcohol,  large,  transparent  crystals,  with  well  formed 
planes,  and  double  re&action  of  light,  are  sometimes  ob- 
tained. 

It  is  less  soluble  in  water  than  cane-sugar,  requiring  IJ 
times  its  own  weight  of  this  solvent  for  solution  at  the  ordi- 
nary temperature.  In  boiling  water  it  is  soluble  in  all  pro- 
portions. It  tastes  less  sweet  than  cane-sugar,  and  2| 
parts  of  the  former  are  required  to  equally  sweeten  the  same 
bulk  of  fluid  as  one  part  of  the  latter.  The  solution  of 
grape-sugar  turns  to  the  right  a  ray  of  polarized  light. 

The  crystals  contain  two  equivalents  of  water,  which  they 
lose  at  a  temperature  of  100°  C.  {212°  F.),  at  which  they 
fiise.  At  140°  C.  (284°  F.),  another  loss  of  three  equivalents 
of  water  transforms  grape-sugar  into  caramel — CiaIIi,Oj|. 
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Combinations. 

Grape-sugar,  like  eane-sugar,  unites  with  bases,  but  is 
easily  coloured  brown  and  decomposed  while  thus  uniting. 
The  baryta  compound  of  the  composition,  2(C,jH|jO,^)  -|- 
3BaO  {CjjHjiBaOjo,  Gerhardt),  is  obtained  in  the  form  of  a 
flaky  white  precipitate  by  raising  together  solutions  in  me- 
thylaleohol  of  grape-sugar  and  of  baryta.  A  similar  com- 
bination with  lead  (C,aH|^,Oi.,  -I-  SPbO)  is  obtained  by  preci- 
pitating a  solution  of  sugar  tv  acetate  of  lead  under  addition 
of  ammonia  (CuHuPbOu  -i-  2PbO,  Gerhardt). 

A  compound  of  grape-sugar  with  chloride  of  sodium  of  the 
formula   2(C,,H|aO,j},  NaCI  -I-  2H0  (3Aq.,  Gerhardt),  was 
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discovered  by  Calloud  '  in  the  inspissated  diabetic  urine.  It 
may  be  easUy  obtained  by  mixing  moderately  concentratL'd 
solittioDs  of  one  equivalent  of  chloride  of  sodium  and  two 
equivalents  of  grape-Bugar,  and  by  gently  evaporating  the 
mixtiu*.  The  compound  then  crystellizee  in  hard,  colour- 
less, six-sided  double  pyramids ;  if  au  excess  of  chloride  of 
sodium  has  been  taken,  this  crystallizes  first  from  the  solu- 
tion. 

Grape-sugar  ia  not  influenced  by  dilute  arids,  and  not 
blackened  by  concentrated  sulphuric  acid.  If  grai)e-sugar 
dried  at  a  temperature  of  100°  C.  (212'  F.)  is  mixed 
with  one  and  a  half  times  its  weight  of  concentrated  sul- 
phuric acid,  it  dissolves  and  forms  with  the  acid  a  combina- 
tion which  is  an  acid  itself,  and  has  been  called  sulpho- 
saccharic  acid.  This  may  be  dissolved  in  water,  and  freed 
from  excess  of  uneombined  sulphuric  acid  by  carbonate  of 
baryta.  The  addition  of  basic  acetate  of  lead  to  the  filtrate 
precipitates  sulpbo-saccharate  of  lead,  which  by  decomposi- 
tion with  sulphuretted  hydrogen  yields  sulpho-aaceharic  acid, 
a  substance  which  easily  undergoes  decomposition. 

DeconipoHlions. 

Orape-sugar  combines  with  the  oxydes  of  metals;  the 
compounds  are,  however,  very  changeable,  bi  the  presence 
of  bases  it  is  easily  oxydized,  absorbs  oxygen  from  the  air, 
and  assumes  a  brown  colour.  Thus  when  a  solution  of 
grape-sugar,  diabetic  Qrine  for  esample,  is  heated  with  a 
solution  of  caustic  potash,  the  mixture  becomes  brown 
at  a  temperature  of  from  60°  to  70°  C.  (140°  to  158°  F.), 
and  a  smell  of  burned  sugar  is  being  evolved.  Two  new 
acids  are  produced  by  tliis  process,  glucic  and  melasnic  acid. 

When  the  oxydes  of  several  metals  (copper,  mercurj', 
silver  or  gold,  bismuth)  in  the  form  of  salts  are  brought  in 
contact  with  solutions  of  grape-sugar  in  a  higher  tempera- 
ture, a  reduction  of  the  oxyde  to  a  lower  oxyde  or  to  metal 
takes  place. 

Two  reduction-tests  in  particular  are  of  importance  for 
the  qualitative  discovery  and  quantitative  determination  of 
diabetic  sugar  in  urine  :  I  allude  to  the  testa  with  bismuth 
and  with  copper. 

When  diabetic  urine,  or  any  other  solution  of  grape-sugar, 
is  mixed  with  an  equal  volume  of  a  solution  of  carbonate  of 
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Boda  (made  of  three  parts  of  water  and  oqc  part  of  crystal- 
lized carbonate  of  soda),  and  a  pincli  of  basic  nitrate  of  bis- 
nnith  ia  added,  and  the  mixture  heated  to  ebullition,  the 
hinmuth  beeomcs  gray  or  blackish  from  the  formation  of 
Bubosyde  of,  or  metallic,  bismuth.  If  the  procesB  he  watched 
attentively,  the  yellow  oxyde  of  bismuth  is  discovered  as  a 
transition  stage.  This  test  ia  very  easy  and  delicate,  and 
very  true  in  its  application  to  urine,  aa  none  of  the  ordinary 
normal  or  pathological  constituents  of  that  Huid  have  the 
same  iuflueuoc  upon  the  bismuth  salt.' 

On  adding  to  a  solution  of  grape-sugar  some  caustic 
potash,  and  afterwards,  by  drops,  a  dilute  solution  of  sulphate 
of  copper,  a  dark  tlidd  is  formed ;  and,  after  a  few  seconds, 
B  precipitate  of  hydrated  suboxyde  of  copper  ensues,  even 
without  raising  the  temperature  of  the  mixture.  On  heating 
the  mixture  to  ebullition,  a  discoloration  of  the  Uuid  takes 
place,  and  all  the  copper  is  precipitated  in  the  form  of  red 
suboxyde.  A  fluid  containing  one  hundred  thousandth  part 
of  its  own  weight  of  {^rape-sugar,  when  treated  with  caustic 
potash  and  a  few  drops  of  solution  of  sulphate  of  copper,  yet 
yields  a  perceptible  red  precipitate  on  boiling.  If  a  fluid 
contains  one  millionth  part  of  its  own  weight  of  grape-stigar, 
the  test  is  sufficiently  delicate  to  give  the  fluid  a  reddish  ap- 
pearance, pro\-idcd  tiie  fluid  be  in  a  thick  layer  (two  or  three 
inches  in  diameter)  and  property  illuminated. 

The  tests  by  Reich  and  Maumene  arc  common  to  cane 
and  grape-sugar ;  while  the  teat  with  copper  (Trommer's) 
excludes  cane-sugar.  The  tests  with  caustic  potash,  bismuth, 
copper,  and  the  analysts  by  optical  means,  fiimish  all  evi- 
dence to  be  desired  for  analytical  and  practical  purposes. 

Grape-sugar,  when  brought  into  contact  with  frnnents, 
undei^oes  a  scries  of  decompositions,  of  which  the  following 
are  the  most  important  and  best  known : 

Vinoiu  fermentafion. — A  faintly  acid  solution  of  grape- 
sugar,  when  brought  into  contact  with  yeast,  or  putrefying 
matter,  yields  alcohol  and  carbonic  acid. 

CijH,.,0,3  =  2(C,lI«aj)  +  4C0,. 
This  test  was  formerly  used  for  determining  the  quantity 
of  sugar  in  solution,  diabetic  urine,  &c.  A  known  quantity 
of  solution  was  mixed  with  yeast,  and  the  carbonic  acid, 
after  passing  through  sidphuric  acid  for  the  purpose  of  re- 
taining all  the  water,  was  allowed  to  escape.  From  the 
loss  of  weight  in  the  apparatus,  the  amount  of  carbonic 
acid  and  its  equivalent  of  sugar  was  determined  by  calcula- 
'  Henle  and  Pfeufer,  •  Zeiwchr.  fiir  Pracl.  Med.,'  1857. 


GHAPe-sL'GAR.  307 

tion.  The  experiment,  howetcr,  requires  too  much  time 
(three  days)  and  tuo  much  attention,  and  tlie  repeated  use  of 
the  balance ;  and,  if  applied  to  urine,  bccomea  unsafe,  as 
other  matters  besides  Bugar  are  decomposed  under  the  influ- 
ence of  ferment,  so  that  it  has  been  entirely  abandoned. 

Lactic  acid  fermentation. — In  an  alkaline  solution  and  in  con- 
tact with  putrefying  matters,  grape-sugar  is  transformed  into 
lactic  acid,  which  possesses  the  same  elementary  composition 
as  grape-augar.     Lactic  acid  may  be  further  transformed  into  ■ 
butyric  acid,  according  to  the  following  diagram : 
C„H,p,j  =  C^HgO^  +  4C0,  -)-  4H. 
It  is  possible  that  the  discoveries  of  lactic  and  butyric  acid 
in  urine  by  some  sporadic  obser\cr8,  were  due  to  their  produc- 
tion by  ferments  from  sugar  or  other  fermentable  substances. 
Vtscoiis  fermenialion. — -Under  certain    not  well  defined 
conditions,  sugar  is  transformed  into  mannite  and  a  viscous 
gum-like  substance.     This  fermentation   may  be  sometimes 
produced  in  diabetic   urine   by  allowing  it  to  stand  ui  a 
stoppered  bottle. 

Quantitative  determination  of  Grape-sugar  by  rolumetriral 
aftabjidsy 

This  analysis  is  based  upon  Trommer's  copper-teat. 
An  alkaline  solution  of  osyde  of  copper  is  decomposed 
by  grape-sugar,  as  already  described.  The  oxyde  of  copper 
is,  however,  only  perfectly  soluble  in  alkaline  fluids  con- 
taining a  fixed  organic  acid,  such  as  citric  or  tartaric  acid. 
Such  an  acid  is  therefore  a  regular  ingredient  of  the  solution 
to  be  described. 

Barreswill'  was  the  first  to  use  the  -  copper-test  for  the 
quantitative  determination  of  grape-sugar.  His  method 
was  afterwards  improved  and  extended  by  Feliling,'  who 
determined  the  proportions  between  copiwr-salt  and  grape- 
sugar,  and  gave  a  prescription  for  a  test-fiuid,  the  compo- 
sition of  wtuch  seems  to  be  the  most  suitable  up  to  the  pre- 
sent time,  notwithstanding  the  many  attempts  at  improve- 
ments which  at  different  times  have  been  made. 

By  addiug  a  solution  of  grape-sugar  of  known  strength  to 
a  solution  of  copper  of  known  strength,  until  the  latter  was 
perfectly  decomposed,  Fehling  found  that  one  equivalent  of 
grape-sugar  decomposed  10  equivalents  of  sulphate  of  copper, 
or  180  parts  of  grape-sugar  decomposed  1246-8  parts  of^  sul- 

'  Mobr,  •  Titrinnelhode,'  i,  p.  aos. 

'  'Ann.  d.  Chem.  und  PIihtui.,'  Bd.  luii,  p.  IOC. 
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phate  of  copper,  or  5  parts  of  g^ape-siigtir  decomposed  3  tfi4 
pEirts  of  sulphate  of  copper.  If,  therefore,  3I-'61  pramineH  of 
Bulpliatc  of  copper  are  disaolved  in  one  litre  of  fluid,  100  r.c. 
of  the  latter  corrcapoijd  to  05  grammes  of  grape-sugar.  The 
tluid  is  prepared  in  tlie  following  manner : 

Preparation  of  ttgt-fivid.- — 3 1"("-1  grammes  of  pure  air-dry 
sulphate  of  copper  are  dissolved  in  160  grnmraes  of  distilled 
water.  In  the  one-litre  miiing-bottlc  150  grammes  of  neu- 
tral tartrate  of  potash  are  dissolved  in  from  600  to  700  c.c,  of 
solution  of  caustic  soda  of  112  specific  gravity  ;  to  this  the 
solution  of  copper  is  added  gradually,  and  then  the  bottle  is 
filled  up  to  the  litre  mark  with  distilled  water, 

Ap/iUcalion  of  the  fluid. — A  known  bulk  (10  c.c.)  of  this 
fluid  (of  whieh  100  e.c,  when  completely  reduced,  indicate 
the  oxydation  of  05  grammes  of  grape-sugar)  is  put  into  a 
capacious  china  dish,  dilnted  witli  a  large  quantity  of  water, 
say  four  times  its  bulk,  and  heated  to  nearly  the  boiling  point. 
The  urine,  whieh  has  been  diluted  with  ten  or  twenty  times 
its  volume  of  water,  according  to  the  quantity  of  sugar  which 
in  probability  is  contained  in  it,  and  which  should  not  be  len 
than  0*5,  nor  more  than  1  per  cent.,  and  has  been  filled  into 
the  burette,  is  now  allowed  to  flow  into  the  boilisg  solution  of 
copper.  The  suboxyde  of  copper  is  at  once  precipitated,  and 
its  red  colour  imparts  to  the  blue  fluid  a  greenish-brown 
colour,  wliich  gradually,  under  the  cautious  addition  of  more 
sugar-solution,  is  transformed  into  a  burning  red.  At  the 
same  time  the  blue  colour  of  the  mixture  is  fast  disap|)earing, 
and  when  it  has  become  quite  colourless  the  reaction  is  com- 
pleted. Towards  the  end  of  the  reaction  great  care  is 
required  not  to  add  an  excess  of  the  diabetic  urine,  as  the 
analysis  would  thereby  become  useless.  The  addition  of 
urine  in  drops  may  be  continued  as  long  as  it  produces  a 
light-yellow  cloud  on  the  surface  of  the  fluid.  This  is  newly 
formed  hydrate  of  the  suboxyde,  whicli  becomes  at  once 
transformed  into  the  red  variety,  free  of  water.  As  soon  as 
the  urine  on  being  dropped  in  ceases  to  produce  afresh  cloud, 
it  is  necessary  to  remov-  the  flame  from  underneath  the  dish, 
and  to  allow  the  precipitate  to  deposit.  If  the  fluid  appears 
quite  colourless,  the  reaction  is  conqiletcd.  If,  however,  the 
slightest  blue  tinge  remains  visible  on  the  white  china  dish, 
then  the  addition  of  another  drop  of  the  urine,  and  another 
ebullition,  is  almost  sure  to  remove  it ;  and  bo  on  until  the 
completion  of  the  reaction  is  attained.  The  amount  of  urine 
which  corresponds  to  the  known  amount  of  copper  solution 
of  knowu  strength  is  now  read  off  the  scale  on  the  burette, 
and  from  it  the  umount  of  sugar  in  the  urine  used,  and  that 
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secreted  within  a  certain  period  of  time,  is  now  ascertained  l)y 
celculation.  If  therefore  10  c.c.  of  the  copper  solution  have 
been  taken,  the  amount  of  urine  used  for  the  reduction  con- 
tains 0'05  grammes  of  grape-sugar. 

By  this  method  it  is  ])ossible  to  execute  an  analysis  in  about 
fifteen  minutes,  and  more  quickly  if  several  analyses  be  made 
in  succession. 

Tlie  copper  solution  becomes  decomposed  by  keeping,  a 
part  of  the  tartaric  acid  being  transformed  into  racemic  acid, 
which  also  reduces  the  oxyde  of  copper  on  boiling.  If  therefore 
the  graduated  test-fluid  has  been  kept  for  some  time,  it  is 
necessary  to  ascertain  whether  it  baa  formed  a  precipitate  in 
the  b^ttle,  and  whether  it  is  precipitated  by  boiling.  In  the 
former  case  it  may  be  cleared  by  filtration,  and  aftenvards 
regraduated  upon  a  solution  of  sugar  of  known  strength.  If, 
however,  it  forma  a  precipitate  ou  boiling,  it  is  spoiled,  and 
must  be  thrown  away. 

Kletxinsky'  proposes  to  substitute,  for  tartaric  acid,  gly- 
cerine, which,  according  to  him,  makes  the  Huid  keep  longer. 
As  a  crystallization  of  sulphate  of  imtash  from  the  solution  is 
unavoidable,  according  to  his  prescription,  the  test-fluid 
cannot  at  once  be  pi'epared  for  quantitative  purposes,  and 
offers  therefore  disadvantages  which  more  than  counter  bid  ancc 
the  advant.iges. 

Optical  Saccharimelri/. 

A  roost  accurate  method  of  ascertaining  the  presence  and 
([uantity  of  sugar  in  solutions  has  been  based  by  Biot"  upon 
the  optical  properties  of  these  solutions.  Cane-sugar  and 
grape-sugar  divert  towards  the  right  the  plane  of  polarization. 
If  therefore  a  fluid  contains  either  of  these  descriptions  of 
sugar,  and  no  other  active  substance,  the  quantity  of  sugar  in 
solution  may  be  accurately  ascertained  by  measuring  the 
degree  of  diversion  which  the  fluid  exerts  upon  the  plane  of 
polarization.  For  this  experiment  a  very  convenient  appa- 
ratus has  been  constructed  by  the  mechanicid  artist,  M.  Soleil,' 
in  Paris,  and  a  very  similar  one  by  Mitscherlich,''  in  Berlin. 
Tloth  are  very  much  used  in  the  respective  countries  of  their 
inventors,  and  will  undoubtedly  become  more  generally  used 
for  the  saecharimetry  of  the  urine,  as  soon  as  the  price  of 

'  '  Wien.  Zritichr.,'  i.  2. 

»  '  Compt.  rend..'  x*.  pp.  819,  694 ;  irii,  p.  7S5. 

■  The  BxpcritneuU  for  Solcil'i  appantut  ocre  mide  by  Clergel,  ubp  puli- 
lli'ied  aevenil  p*|)cra.     Vidt  '  Campl.  rend.,'  xiiii,  xxxu. 
*  •  Lehrli.,  d.  Chem..'  4lh  edil.,  Bd.  i,  p,  S60. 
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the  instrumetit  shall  have  put  it  within  the  reach  of 
everybody. 

Tlie  use  of  the  polarizing  apparatus  may  be  described  here 
after  Mitscberlich. 

Before  proceeding  to  determine  the  amount  of  sugar  in  a 
solution  of  grape-sugar  (urine),  it  is  necessary  to  make  sure 
that  the  zeropoiut  of  the  apparatus  lie  accurately  determined. 
This  is  the  case  when,  after  the  empty  tube  has  been  put  in 
its  place,  and  the  light  of  a  lamp  has  been  placed  an  inch  or 
two  behind  the  posterior  aperture  of  the  apparatus,  and  in 
the  axis  of  the  tube,  the  posterior  aperture  appears  perfectly 
dark — almost  black — to  the  eye  looking  in  at  the  anterior 
aperture.  If  the  hand  which  moves  npon  the  graduated  circle 
surrounding  the  anterior  aperture  is  now  being  moved  from 
aero  towards  the  right  or  left  hand  side,  the  posterior  aperture 
becomes  gradually  lighted  up,  until  at  last  it  becomes  qnite  a 
bright  circle,  the  light  being  most  intense  when  the  hand 
ahowa  90°  on  the  graduated  disc,  cither  on  the  right  or  left. 
On  going  back  again  from  90°  to  zero,  the  observer  will  find 
that  the  posterior  aperture,  even  though  the  hand  be  exactly 
at  zero,  is  faintly  lighted  up  at  two  opposite  margins,  and  that 
the  diameter  of  the  circle,  which  runs  parallel  with  the  faintly 
illuminated  margins,  is  the  darkest  part  of  tlic  circle  or  spec 
trum,  and  appears  intensely  black.  This  blackest  part  must 
exactly  divide  the  spectrum  into  two  equal  halves,  when  the 
hand  indicates  zero ;  the  apparatus  is  then  ready  for  use. 

If  the  tube  is  now  filled  with  a  colourless  solution  of  sugar 
(diabetic  urine  is  mostly  quite  colourless,  and  scarcely  ever  re- 
quires treatment  with  animal  charcoal,  but  mostly  filtration}, 
ajid  put  into  its  former  place,  the  spectrum,  which  was  black 
before,  will  now  appear  illuminated  in  colours,  which,  when 
the  hand  is  again  turned  from  zero  to  90°,  appear  in 
the  following  succession  :  yellow,  green,  blue,  violet,  red. 

The  fonnerly  darkest  line  of  the  spectrum  corresponds 
now  to  the  line  where  the  violet  aud  blue  colour  change  into 
each  other,  and  this  line  is  the  zero  point  for  quantitative 
det^-rmi  nations. 

A  little  practice  will  soon  accustom  the  eye  to  determine 
the  point  at  which  the  spectrum  is  divided  into  two  equal 
halves,  of  which  the  one  is  i-iolct,  the  other  blue,  and  each 
colour  of  alxiut  the  same  intensity. 

In  case  it  is  necessary  to  turn  the  hand  towards  the  right, 
ill  order  to  obtain  the  above  succession  of  colours,  then  the 
lluid  is  said  to  divert  towards  the  right  the  plane  of  polari- 
sation, or  turn  towards  the  right  a  pencil  of  polarized  light ; 
this  effect  is  obtained  by  a  solution  of  grape-sugar  or  saccha- 
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nne  urine.  la  the  contrary  case,  the  plane  of  polarization  is 
said  to  be  diverted  towards  the  left. 

The  angle  in  which  the  hand  has  to  be  turned  is  propor- 
tionate to  the  concentration  of  the  tluid  and  the  length  of  the 
column  through  which  the  polarized  light  has  to  paee,  viz.,  to 
the  length  of  the  tube  in  the  apparatus.  In  Mitseherlich's 
apparatus,  the  length  of  the  tube  is  200  raillimetrea  (7j 
English  inehcB). 

Supposing  a  fluid  of  a  certain  concentration  to  he  put 
into  the  tube,  the  hand  standing  at  zero,  and  that  iji 
order  to  see  one  half  of  the  apeetrum  violet,  the  other  red, 
a  rotation  of  the  hand  of  40°  be  required,  then  the  same 
fluid  in  a  tube  of  half  the  length  would  turn  the  hand  only 
to  20°. 

On  the  other  hand,  if  15  grammes  of  sugar  he  dissolved  in 
any  certain  quantity  of  water,  aiid  the  solution  be  poured 
into  the  tube  so  as  to  lill  it;  and  if  then  the  hand  }ie  turned 
until  the  colours  of  the  zero  point  appear — for  which  we  will 
assume  a  rotation  of  15°  to  be  requisite — then  a  solution  of 
80  grammes  of  sugar  in  the  same  quantity  of  water  as  the 
15  grammes  were  dissolved  in,  when  tilled  into  the  tube,  will 
require  exactly  double  the  rotation,  namely  30",  for  the  test- 
colours  to  appear. 

It  has  been  fouud  by  accurate  experiments  that  1  "i  grammes 
of  pure  and  dry  grape-sugar,  when  dissolved  in  so  much 
water  that  the  solution  amounts  to  exactly  50  cubic 
centimetres,  will  make  a  fluid,  a  column  of  which,  200 
millimetres  in  length,  will  turn  the  plane  of  polarization  40° 
towards  the  right. 

Ui>on  the  basis  of  this  experiment  it  is  easy  to  determine 
the  amount  of  sugar  in  any  fluid.  Supposing  the  alwve  tube, 
full  of  bright,  faintly  yellow  diabetic  urine,  requires  a  move- 
ment of  the  hand  from  0  to  30,  then 

40  :  30  =  15   :  ^ 


40 


which,  in  other  words,  means  that,  with  a  rotation  of  30°, 
there  are  11'25  grammes  of  sugar  contained  in  50  cubic 
centimetres  of  this  diabetic  urine.  Another  equation  shows 
the  amount  of  sugar  contained  in  the  urine  passed  during  a 
certain  leiigth  of  time. 

It  is  not  possible  to  approximatively  determine  the  amount 


•i 


of  sugar  from  the  specific  gravity  of  iiriiiL-,  us  has  been  shown 
by  Dr.  Beiice  Jones.' 

Pathological  indications  of  Sugar  in  Unite. 

It  has  been  stated  that  the  urine  of  healthy  persons  occa- 
sionally contains  sugar ;  it  has  also  been  stated  that  the 
orine  of  pregnant  and  suckling  women  is  always  impregnated 
with  sugar,  in  the  latter  iu  a  direct  proi>ortion  to  the  amount 
of  milk  secreted  by  the  breasts.  These  assertions  theo- 
retically, that  is,  viewing  them  from  the  aggregate  of  known 
facts,  seem  to  he  desening  of  but  little  confidence.  It  is 
certainly  incumbent  upon  the  authors  wlio  made  those  asser- 
tions to  prove  that  the  substance  which  in  their  experiments 
gave  the  reaction  of  sugar,  was  really  grape-sugar  and 
nothing  else. 

In  the  course  of  some  cases  of  acute  disease,  the  temporary 
appearance  of  small  quantities  of  sugar  has  occasionally  been 
observed.  In  these  cases,  also,  doubt  has  not  been  perfectly 
excluded,  so  that  a  pathological  explanatiou  cannot  be 
attempted. 

When  the  urine  contains  large  quantities  of  sugar  for  a 
length  of  time,  there  is  reason  to  lielieve  that  diabetes  mel- 
litus  is  present.  The  diagnosis  is  ensured  by  collateral 
symptoms  of  this  disease,  which  as  yet  has  eluded  the  most 
vigilant  researches  of  physiologists.  Some  of  these  symp- 
toms are,  a  lai^  amount  of  urine  of  high  specific  gravity, 
great  thirst,  emaciation,  dry  skin,  the  appearance  of  boils, 
gangrene  of  parts  most  remote  from  the  circulatiug  centres, 
and  tubercular  consumption  of  the  lungs.^ 

When  grape-sugar  in  concentrated  solution  is  injected  into 
the  veins  of  animals,^  a  part  reappears  in  the  urine  after  a 
short  time.  When,  however,  the  solution  is  dilute,  although 
the  same  quantity  of  sugar  be  injected  in  such  solution  as  in 
the  concentrate<l  one,  no  sugar  appears  in  the  urine  after- 
wards. 

If  the  liver  be  freed  from  blood  by  washing  the  vessels 
with  water,  an  extract  made  of  a  part  of  such  liver  will  yield 
no  sugar.  If,  then,  the  liver  be  allowed  to  remain  exposed 
to  the  air  for  a  variable  length  of  time,  sugar  may  he  de- 


'  ■  Mert.  Tiniei  and  Giz..'  fehnitrj  i,  18S4. 

*  Por  I  revii^w  »f  the  pn«nt  ua.lt  at  tlie  du 
Dr.  Gamxl'i  Guliloniui  Ledorpt  on  Dialwlei  nm 
Urine,  ■  Britiih  Med.  Journ.,'  April,  M*]r.  and  Ju 
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tectcd  in  the  liver.  It  must  have  formed  from  substances  in 
the  liver,  under  the  influence  of  oxygen,  as  in  an  atmosphere 
of  hydrogen  no  sugar  is  formed.  Tbe  substance  found  in 
the  liver  by  M.  CI.  Bernard,  and  capable  of  transformation 
into  sugar,  is  a  body  nearly  allied  to  dextrine,  as  has  been 
contirmed  by  Pelouze. 

The  observation  of  M.  CI.  Bernard,  that  the  liver  of  car- 
nivorous animals  always  contains  sugar,  does  not  prove  that 
sugar  is  farmed  from  albuminous  substances.  The  meat  and 
flesh  eaten  by  eaniivora  contains  inoMe,  which  has  the  aame 
elementary  composition  as  grape-sngar,  and  tastes  sweet,  and 
is  only  diS'erent  by  its  form  of  crystallization,  greater 
amount  of  water  of  crystallization  (4H0),  and  a  few  tests 
and  reactions.  This  body  might  ])os3ibly  be  transformed 
into  grape-sugar.  It  has  long  since  been  known  that  the 
milk  of  camivora  contains  sugar  proper  to  milk.  This  pos- 
sibly may  be  derived  from  the  iiiosite  of  flesh. 

Tliere  is  no  foundation  for  the  opinion  of  M.  Mialhe, 
that  grape-sugar,  physiologically,  is  oxydised  by  the  media- 
tion of  the  bicarbonates  of  the  ^kalies,  and  that  in  diabetes 
it  may  be  assimilated  by  means  of  these  salts. 

Some  authors  make  a  difference  between  diabetic  sugar 
from  animals  and  grape -sugar  from  plants,  and  assign  to  them 
difi'erent  bearings  in  the  economy.  This  idea,  which  seems 
to  have  emanated  from  some  experiments  with  substances  of 
a  doubtful  nature,  is  not  supported  by  such  evidence  as  can 
be  considered  sufficient  by  tlie  present  demands  of  che- 
mistry. 

The  quantity  of  sugar  in  the  urine  of  diabetic  patients  is 
diminished,  or  sugar  is  altogether  absent  for  a  short  time, 
under  the  influence  of  the  following  circumstances : 

Tolat  abstinence  from  food. — Hence  the  urine  in  the  morn- 
ing is  sometimes  free  from  sugar. 

Perfect  rest  in  bed. — Sugar  becomes  less  in  quantity  and 
disappears  for  a  day  or  two.  It  reappears  as  before  on  the 
patient  taking  exercise. 

Meat  diet  has  the  most  important  influence  upon  the 
quantity  of  sugar,  which  becomes  very  much  smaller.  It  is 
the  most  important  palliative  in  diabetes. 

The  remarkable  experiment  by  M.  Bernard,  in  which  a 
wound  inflicted  upon  the  bottom  of  the  third  ventricle  of  the 
brain  of  dogs,  causes  sugar  to  appear  in  the  blood  and  urine 
of  the  animal  in  a  very  short  time,  remains  unexplained. 
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100-0 
JIforfc  of  ubtaining  Acetone. 

Acetone  ia  produced  by  the  dry  distillation  of  acetates, 
partieulnrly  the  saltt  of  lime,  baryta,  ma^esia  or  lead,  or 
by  exposing  acetic  acid  to  red  heat.  It  is  further  one  of  the 
products  of  dry  distillation  of  sugar,  tartaric  acid,  and  other 
bodies,  and  as  such  occurs  in  the  common  pyroligneous  or 
pyroacetic  spirits. 

I'hyticul  and  Chemical  Properties. 

Acetone  is  a  colourless  thin  liquid  of  0*811  sp.  gr.  at 
0°  C,  and  boils  at  5(>°  C.  It  is  soluble  in  water,  alcohol  and 
ether,  and  may  be  mixed  with  tbem  in  any  proportion.  Like 
alcohol,  it  dissolves  many  substances  which  are  insoluble  in 
water,  such  aa  resins  or  pigments,  In  contact  with  the 
hydrate  of  an  alkali  and  oxygen  it  becomes  brown,  and 
transforms  into  a  resinous  substance.  On  passing  the  vapours 
of  acetone  over  heated  potassa  lime,  hydrogen  is  evolved, 
acetate  and  forroiate  of  potnasa  remaining. 

Acetone  in  the  Urine  of  diabetic  patients.^ 

The  uriue  of  diabetic  patients  has  a  pecidiar  odour,  which 
has  been  noticed  by  must  autliors  ou  the  subject  of  diabetes. 
Thus  Hodges  '  describes  the  odour  of  diabetic  urine  as  that 
of  sour  milk,  Comeliani  as  that  of  violets.  Tb.  Hodgkin  ■ 
remarks  that  glasses  which  have  diu'ing  a  longer  time  served 
for  the  purpose  of  determining  the  specific  gra\'ity  of  diabetic 
urine,  evolve  a  distinct  odour  of  musk.  The  same  odorife- 
rous substance  occurs  in  other  excretions  of  these  patients, 

'  Pctten,  UnMnuchungen  ulwr  die   llanigliirnruhr,  '  Vierteljahnohiift  far 
die  PrwTt.  Heilhiinde,'  Png,  1857.  lol.  iii.  p.  81. 
■  '  Ijauion,  Med.  Gaz.,'  IfUZ. 
*  '  Auoc.  Med.  Joum.,'  1854,  No.  03. 
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It  waa  noticed  by  Hodgkiu  in  the  fieces,  containing  little 
colouring  matter  of  bile.  Rotbcr'  found  tbat  the  body  of  a 
diabetic  patient,  who  had  been  treated  with  creosote,  smelled 
of  vinegar.  The  breath  of  diabetic  patients  is  compared,  by 
Brand,*  to  the  smell  of  apples,  and  to  the'breath  of  persona 
to  whom  pure  chloroform  has  been  admiuistered.  Other 
authors  obsened  the  odour  of  new  hay ;  and  Berndt  found 
the  breath  of  a  patient  treated  with  creosote  to  give  first  the 
odour  of  horses'  urine  (from  the  creosote  or  carbolic  acid), 
and  afterwards  that  of  young  beer.  Fetters  himself  found 
the  odour  very  peculiar,  a  mixture  of  sweet  and  acid,  and 
compares  it,  in  a  concentrated  form,  to  the  odour  of  a  mix- 
ture of  chloroform  and  acetic  ether  or  aldehyde ;  when  dilute, 
however,  as  it  always  is  in  the  exhalations,  he  found  it  more 
like  that  of  very  dilute  ammonia, — under  all  circumstances, 
however,  so  peculiar,  as  frequently  to  lead  the  physician  to  the 
diagnosis  of  diabetes.  Fetters  also  found  that  the  urine  of 
persons  suffering  from  measles  or  scarlatina  evolved  the  same 

It  appears  that  Dr.  Lcrch,  Director  of  the  Institute  for 
Animal  Chemistry  at  Frague,  suggested^  to  Dr.  Fetters  the 
probability  of  the  odoriferous  body  in  the  excretions  of 
diabetic  patients  being  acetone.  The  latter  author  succeeded 
in  establishing  the  presence  of  acetone  in  the  urine,  blood, 
and  moat  parts  of  the  body  of  a  patient,  of  whose  case  the 
following  is  a  brief  outline. 

A  Jewess,  thirty  years  old,  shopwoman,  was  admitted  iuto 
the  Prague  Hospital.  She  had  undergone  much  prii'ation,  and 
consequent  depression  of  mind,  during  the  last  eighteen 
years.  Latterly  she  liad  been  treated  as  an  out-patient  for 
constipation.  Five  weeks  before  admission  she  was  suddenly 
attacked  by  violent  pain  in  her  stomach,  and  repeated  vomit- 
ing. The  bowels  had  been  coniined  during  six  days.  She 
was  relieved  by  a  purgative,  and  returned  a  week  afterwards, 
complaining  of  continued  great  thirst.  She  also  admitted 
to  pass  urine  more  frequently  and  in  larger  quantities.  Dr. 
Griin  estabhshed  the  diagnosis  of  diabetes  by  the  discovery 
of  sugar  in  her  urine.  The  synnptoms  now  continued  to  in- 
crease in  intensity,  the  pain  in  the  stomach  and  vomitmg 
returned,  and  she  at  last  consented  to  be  received  into  the 
hospital. 

On  her  arrival  she  vomited.  Her  tongue  was  found  a 
little  moist;  the  saliva  had  an  acid  reaction.     The  breath 
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had  a  strong  Bpirituous  odour.  The  eiamination  of  the  sy». 
tcms  of  respirattou  and  circulation  revealed  no  Icsiou.  The 
urine  was  straw- yellow,  of  a  strongly  acid  reaction,  and 
10315  specific  gravity,  contained  4  per  cent,  of  sugar,  much 
iirea,  and  scarcely  a  trace  of  uric  acid.  Besides  the  strong 
peculiar  odour,  it  offered  no  [icciUiaritics.  The  patieut  her- 
self complained  of  weakness,  thirst,  and  pain  in  her  stomach. 

On  the  morning  after  her  admission  she  was  in  a  sort  of 
narcotized  condition,  and  gave  oif  a  spirituous  odour  similar 
to  that  of  chloroform,  which  was  so  intense,  that  after  a  little 
time  it  became  perceptible  in  the  whole  ward,  and  was 
noticed  by  all  other  patients.  One  of  the  clinical  assistants 
was  misled  to  the  opinion  that  chloroform  had  been  adminis- 
tered to  the  patient  during  the  night.  The  patient  was 
almost  unconscious,  and  lay  there,  the  eyes  half  open,  and 
all  muscles  relaxed.  Her  skin  was  cool  (^B'^"  R.,  [91  5  F., 
330°  C]  in  the  axiUa;  26-0"  R.  in  the  mouth),  as  also  the 
tongue,  and  the  strongly  smelling  breath.  The  face  was 
slightly  flushed,  the  eyes  surrounded  by  a  halo,  the  looks 
fixed.  The  patient  was  like  a  person  half  under  the  inlu- 
ence  of  chloroform ;  her  extremities  dropped  like  paralysed 
on  being  raised,  and  a  few  words  could  be  elicited  when  her 
consciousness  had  been  made  to  return  for  a  moment  by 
questioning  with  a  loud  voice.  She  had  a  small  pulse  of 
yy  beats  per  miimte.  The  abdomen  was  nieteoristic.  As 
she  had  passed  no  water  since  the  night,  the  catheter  was 
applied,  and  a  pound  of  urine  was  withdrawn,  which  was  pale 
yellow,  contained  sugar  (specific  gravity  l^OST),  and  much 
of  the  odoriferous  principle.  Induding  this  quantity,  the 
patient  had  only  passed  ninety-three  fluid  ounces  of  urine 
during  the  last  twenty-four  hours ;  the  secretion  of  urine 
then  ceased  entirely.  The  mcteoristic  swelling  of  the  abdo- 
men increased,  she  complained  of  much  pain  in  the  stomach 
in  moments  of  returning  consciousness,  and  died  next  morn- 
ing, thirty  hours  after  the  beginning  of  this  cstraordinary 
condition. 

The  post-mortem  examination  revealed  no  particular  lesion 
in  any  organ  except  the  intestinal  canal,  which  was  very 
much  distended  with  gas,  the  inner  surface  covered  with  a 
thick,  grnyish-white  mucous  layer,  and  the  inner  membranes 
very  much  congested.  Tlic  contents  of  the  stomaelt  were 
exactly  like  those  of  a  fermenting  distiller's  butt,  and 
consisted  of  a  brownish,  flaky  mixture,  which  evolved  a 
8]>iritunuB  prickiikg  odour,  and  also  the  peculiar  odour  of  the 
other  secretions.  It  bad  an  acid  reaction,  and  gave  the 
tests  for  grape-sugar.      The  microscope  revealed   some  fibres 


ACETONE.  817 

of  flesh,  some  starcli-corpusclcs  iu  a  disintc^rrating  condition, 
and  numerous  yeast-cells. 

The  urine  on  distillation  yielded  an  alkaline,  clear  flnid, 
which  had  the  odour  of  ammonia,  carholic  acid,  and  an  em- 
pyrenmatic  spiritnous  substance;  and  after  neutralization  with 
dilute  sulphuric  acid  and  repeated  rectification,  allowed  the 
characteriatic  odour  to  appear  more  freely.  The  distillate 
was  again  rectified  over  chloride  of  sodium,  and  afterwards 
once  more  for  itself  in  the  water-bath,  when  a  colourleaa, 
clear  fluid,  strongly  refracting  light,  of  neutral  reaction  and 
biting  taste,  was  obtained,  which  was  easily  inflammable,  and 
burned  with  a  bright,  strongly  lighting  flame.  Though  its 
odour  was  very  much  like  that  of  aldehyde,  yet  it  could  not 
be  that  substance,  as  it  had  a  neutral  reaction.  There  was 
therefore  only  the  possibility  of  its  being  either  methyl- 
alcohol  or  acetone  left  over.  Methyl-alcohol  was  excluded,  as 
the  fluid  became  brown  when  miiccd  with  sulphuric  acid.  .As 
caustic  potash  produced  a  brown  resinous  body  in  the  fluid, 
and  solutions  of  oxyde  of  silver  caused  no  reduction  in  it,  it 
could  be  nothing  else  but  acetone  (CgllgOj). 

The  residue  of  distillation  contained  nothing  besides  car- 
bolic acid,  which,  according  to  Fetters  [p.  89)  and  Stadeler, 
is  present  in  every  urine. 

The  blood  had  a  strong  odour  of  acetone.  But  its  quantity 
was  not  sufficient  to  isolate  that  substance.  It  contained 
sugar,  and  was  faintly  alkaline.  The  watery  extract  of  the 
lungs,  subject  to  distillation,  yiehled  a  neutral  distillate, 
smelling  of  newly  baked  bread,  which,  after  repeated  recti- 
fication, under  addition  of  sulphuric  acid,  and  afterwards  of 
chloride  of  sodium,  lastly  after  distillation  from  the  water- 
bath,  gave  drops  which  strongly  smellcd  of  acetone,  yielded 
the  above  reactions,  and  were  combustible. 

The  presence  of  acetone  in  the  urine  and  blood  was  there- 
fore established,  and  it  is  most  probable  that  to  the  anees- 
thetic  effect  of  this  substance,  diffused  through  the  whole 
system  as  it  was,  the  comatose  condition  and  fatal  end  of  this 
case  were  due. 

The  contents  of  the  stomach  did  not  yield  acetone,  but 
alcohol  seemed  to  be  present.  The  mucus  of  the  glandular 
surface  of  the  stomach,  after  the  latter  had  been  washed  with 
distilled  water,  was  found  to  possess  the  property  of  trans- 
forming starch  into  sugar  and  gum,  and  sugar  into  alcohol 
and  carbonic  acid.  The  contents  of  the  stomach  possessed 
the  same  power,  which  is  not  possessed  by  normal  gastric 
juice.  The  influence  of  saliva  was  carefully  excluded  by  Dr. 
Fetters,  in  the  experiment  with  the  mucus  from  the  immediate 
glandular  membrane  of  the  stomach. 


CHAPTER    XXXVII. 

raosiTE. 


Elements:  C„H„0,j  +  4HO.  Carbon  . 
Hydrogen 
Oxygen  . 


*00 

6'66 
53-34 

10000 


Tma  hydrocarbon  was,  in  1850,  discovered  by  Scherer,'  in 
the  mother-liquor  of  creatine,  obtained  from  the  juice  of 
the  muscle  of  the  heart.  It  was  afterwards  investigated  by 
Cloetta,^  who  found  it  in  the  pareucliyme  of  most  organs, 
the  lungs,  spleen,  kidneys,  and  also  in  the  urine  of  a  patient 
aSected  by  Bright's  disease.  VohH  found  a  substance  in 
the  unripe  fruit  of  Phageolua  vxtlgans,  which  be  at  firrt 
termed  phaseumanuite,  the  identity  of  which  with  inoBite  he 
afterwards  demoustrated. 


Mode  of  obtaining  Inosite. 


When  the  inspissated  juice  of  flesh  (or  of  tlie  organs  men- 
tioned),  from  which  creatine  has  beenobtained,  is  mixed  with 
strong  spirits  of  wine,  it  becomes  turbid.  When  put  aside, 
potash  salts  liegin  to  crystallize,  but  ou  further  addition  of 
spirits  of  wine,  inosite  crystallizes ;  the  mother-liquor  is  now 
poured  off,  the  crystals  are  separated  mechanically,  and  by 

'  '  Ann.  A.  Chcm.  und  Phum.'  Bd.  Ixi 
■  '  Aim.  d.  Chrm   und  Ptunn..'  Bd.  % 
liber  IB&fi.  toI.  i,  ii.  180. 
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means  of  a  little  warm  water,  which  diesotTes  inoeite  quicker 
than  the  alkaline  salts,  and  deposits  it  on  cooling  in 
crystals. 

Physical  and  Chemical  Properties. 

Inosite  crystallizes  in  the  clinorhombic  syBtem,  the  typical 
form  heing  raowt  probably  a  clinorectan^lar  prism.  The 
crystals  mostly  group  together ;  more  rarely  they  are  single, 
and  then  become  sometimes  two  eighths  to  three  eighths  of 
an  inch  long.  When  exposed  to  the  air  they  decay  by  losing 
water  of  crystallization.  They  taste  very  sweet,  are  easily 
soluble  in  water,  little  soluble  in  strong  spirits  of  wine,  in- 
soluble in  alcohol  or  ether.  From  the  solution  in  boiling 
spirits  of  wine  almost  the  whole  of  the  inosite  crystallizes  on 
cooling  in  small  glistening  particles,  which  ai-e  very  much  like 
cholesterine. 

Inosite  is  not  changed  by  boiling  with  dilute  sulphunc  or 
hydrochloric  acid,  or  with  caustic  alkalies. 

When  heated  above  210°  C.  (410°  F.),  it  fuses  into  a  clear 
fluid,  which,  when  cooled  down  rapidly,  crystallizes  in 
needles,  hut,  when  allowed  to  cool  slowly,  becomes  a  horn- 
like amorphous  mass.  When  exposed  to  a  stronger  heat, 
inosite  bums  with  a  lighting  flame,  without  leaving  any 
residue. 

A  concentrated  solution  of  caustic  potash  produces  no 
change  of  colour  on  boiling  with  a  solution  of  inosite ;  no 
change  takes  place  when  heated  with  potash  and  sulphate  of 
copper ;  with  bile  and  sulphuric  acid  inosite  does  not  yield 
the  reaction  of  sugar. 

Inosite  is  not  capable  of  undergoing  vinous  fermentation. 
But  a  solution  of  it  treated  with  cheese  and  chalk  at  a  tem- 
perature of  about  40  C.  (10-1°  F.)  for  some  length  of  time, 
produces  lactic  and  butyric  acid. 

If  a  solution  of  inosite,  or  a  mixture  containing  inosite,  is 
evaporated  in  a  platinum  spoon  to  near  drjnesa,  and  the 
residue  moistened  with  ammonia  and  some  chloride  of  cal- 
cium, and  then  again  cautiously  evaporated  to  dryness, 
a  Ti%id  rosy  colour  is  produced  ;  this  reaction  admits  of  the 
diagnosis  of  one  fiftieth  of  a  grain  of  inosite. 


CHAPTER  XXXVni 

UBEUTTHEINB  OE   PUUPUEINE. 


Tbk  elementary  composition  of  tliis  eubstancc  is  tuiknowD. 
It  contains  above  6(1  per  cent,  of  carbon,  and  al>out  6  per 
cent,  of  hydrogen,  the  rest  being  made  iip  of  oxygen,  and 
a  small  quantity  of  nitrogen. 

Hi»tory. 

It  was  first  described  by  Proust  as  rosacic  acid,  and  be- 
lieved to  constitute  the  entire  bulk  of  the  lateritious  deposits. 
After  uric  acid  had  been  foimd  in  these  deposits,  Prout  as- 
sumed purpuric  acid,  iu  combination  with  ammonia  (which 
purpurate  of  ammonia  he  erroneously  believed  to  be  iden- 
tical with  the  murexide  of  Liebig  and  Wohler),  to  be  an 
admixture  to  these  deposits.  The  contemporaneous  researches 
of  Vogel,  Fromherz,  Guggert,  Duvemoy,  G.  Bird,  Simon, 
Scherer,  Lauderer,  and  Heller  seemed  to  confirm  the  opinion 
of  Prout  as  to  the  acid  nature  of  purpurinc,  but  the  inability 
of  chemists  to  produce  salts  of  tliis  substance  with  bases 
militates  against  that  opinion.  The  most  extensive  and  also 
the  most  productive  rcsearclies  on  this  substance  have  been 
made  by  Heller,'  But  notwithstanding  his  most  lucid  descrip- 
tion, little  attention  has  been  paid  to  this  substance,  and  this 
circumstance,  aud  the  various  names  under  whieh  it  has 
passed,  have  produced  some  confusion  regarding  its  identity. 
Thus  Virchow'  erroneously  lielieves  G.  Bird's  purpurinc  to  be 
identical  with  cyanurine  or  uroglauciuc. 


'  Uflier  6u   UroSmhrin  lU  Beitandibel  il.'s 
'  ArchiT,"  vol,  iti,  p.  3S1. 

'  Virohow't  ■  Archiv,'  toI.  ri,  p.  260. 
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Occrirrenre. 

Urerythrine  occurs  in  fresh  urine  generally  in  a 
state,  and  then  imparts  to  the  fluid  a  fiery  reddish-yellow, 
or  yellowish -red  colour,  sometimes  mistaken  tor  hlood,  or 
the  colouring  matter  of  medicines.  It  adheres  to  the  amor- 
phous deposits  of  urates,  imparting  to  them  the  various 
shades  of  colours,  but  not  to  deposits  of  earthy  phosphates. 
It  was  obsened  by  Landercr'  in  the  perspiration  from  the 
axilla  of  a  fever  patient,  an  occurrence  also  observed  re- 
peatedly by  Heller. 


Mode  of  obtaining  it  pure. 

The  deposits  of  urates  with  urerythrine  adhering,  whe- 
ther formed  before  or  after  emission,  are  collcctetl  on  a  filter 
and  washed  with  water,  until  a  portion,  on  being  burned 
on  platinum  foil,  no  longer  evolves  the  peculiar  odour  of 
burned  uriue.  A  considerable  loss  of  substance  necessarily 
occurs  with  this  mode  of  washing,  as  also  with  the  subse- 
quent washing  with  alcohol.  After  this  operation  the  de- 
posit is  digested  with  warm  absolute  alcohol,  which  takes  up 
urerythrine,  and,  after  filtration  and  evaporation  at  a  tempe- 
rature not  exceeding  50°  C.  (132°  F.),  leaves  it  in  the 
form  of  a  red  amorphous  residue. 

If  urerythrine  occurs  in  the  urine  in  solution,  it  can  be 
obtained  therefrom  by  combining  it  with  an  artificial  preci- 
pitate. On  adding  to  the  clear  urine  a  little  ammonia  or 
carbonate  of  ammonia,  so  that  it  remains  faintly  acid,  and  no 
precipitate  of  earths  occurs,  and,  after  shaking  and  letting 
it  stand  for  several  hours,  adding  a  few  drops  of  acetic  acid 
and  letting  it  stand  again,  a  pink  deposit  will  form  after  the 
lapse  of  a  short  time,  which  is  then  treated  like  the  sponta- 
neous deposit  (Heller). 

On  dissolving  white  and  pure  urate  of  ammonia  in  urine, 
which  by  its  pink  or  purple  colour  indicates  the  presence  of 
purpurine,  it  is  precipitated  on  cooling,  deeply  coloured  by 
the  purpurine  (CJ.  Bird). 

Urerythrine  can  only  be  obtained  from  such  precipitates, 
and  never  by  evaporation  of  the  urine. 

1   Budinfir'i  •  Reperloriiiin,"  lit  ««r„  vol.  v,  p,  235.; 


Physical  and  Chemical  properties. 

Ifrerjthrinc  is  an  amorphous, lobster-red  substance.  When 
it  allows  a  radiary  or  granular  crrstalline  arranf^emi-Qt,  it  is 
impure.  It  has  a  decidedly  acid  reaction,  and  thws  adds 
to  the  acidity  of  urine.  It  is  soluble  iu  alcohol,  water,  and 
ether,  little  at  the  ordinary  temperature,  more  at  higher  tem- 
peratures. The  solutions  are  of  a  pale  reddish -yellow  colour, 
which  is  never  saturated.  It  bums  on  platinum  foil  without 
exhibiting  any  particular  phenomena,  and  leaves  no  residue. 
Its  solution  in  water  is  precipitated  by  acetate  of  lead,  by 
nitrate  of  suhoxyde  and  protoxyde  of  mercury,  and  by  salts 
of  baryta;  but  the  precipitates  arc  only  loose  combinations, 
and  readily  yield  urerytlirine  to  boiling  alcohol.  By  dilute 
acids  urerytlirine  is  not  decomposed.  It  dissolves  in  concen- 
trated Bidphuric  and  hydrochloric  acids,  and  thereby  under- 
goes a  change.     Alkalies  impart  to  it  a  yellowish  colour. 


Diagnoih  in  Urine. 

The  pink  colour  of  urine,  and  the  production  in  it  of  a 
light-pink  precipitate  by  the  addition  of  a  great  excess  of  I 
acetate  of  lead,  ensure  the  diagnosis.  The  precipitate  produced 
by  acetate  of  lead  in  urine  destitute  of  urerythrine,  respective 
in  normal  urine,  is  white,  though  containing  nnematine.  The 
filtrate  from  this  precipitate  by  boiling  with  hydrochloric  acid 
yields  the  test  for  uroxauthine  (indiean).  The  presence  of  the   I 
same  substance  is  indicated  by  the  filtrate  assuming  a  violet   ' 
colour  when  shaken  with  concentrated  sulphuric  acid.    When 
ether  is  shaken  with  this  acid  mixture  it  becomes  red  from 
urrhodine  (indigo  red)  ;  and  from  the  blue  residue,  uroglau- 
cine  (indigo  bine)  may  be  obtained  by  boiling  with  alcohol. 

When  an  excess  of  unematine  is  present  in  urine,  the 
precipitate  obtained  by  acetate  of  lead  assumes  a  clay  colour 
without  any  admixture  of  red.  An  excess  of  this  colouring 
matter  docs,  therefore,  not  prevent  the  pink  colour  of  the 
precipitate  hy  lead,  due  to  urerythriue,  from  appearing,  in 
rases  where  urerj'thrine  is  present.  The  colouring  matter 
of  bile  stains  the  lead  precipitate  intensely  yellow,  and  then 
it  is  difficult  to  prove  the  presence  of  urcrythrine. 

Urine  containing  urerythrine,  when  dropped  into  concen- 
trated hydrocliloric  aeid,  assumes  a  peculiar  yellowish-rod 
colour.  But  if  an  excess  of"  uroianthinc  (indiean)  be  present, 
the  violet  colour  produced  thereby  covers  the  colour  of 
urervthrine. 
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For  experiment,  urine  from  a  case  of  acute  rheumatism  ia 
best  suited. 

The  deposits  may  also  be  examined  for  urerythrine  by  dia- 
solving  them  in  water  and  treatinf;  the  solution  with  acetate 
of  lead.  From  this  precipitate  a  purer  urerythrine  with  a  leas 
considerable  loss,  is  mostly  obtained. 

In  order  to  ensure  the  diagnosis  of  the  presence  of  urery- 
thrine, it  is  necessary  to  bear  in  mind  that  deposits  may  be 
coloured  red  by  the  following  substances  : 

1.  Only  in  strongly  alkaline  urine  by 
(a.)  Urrhodine  (colour  more  violet). 
(b.)  Precipitates  of  sennine  or  rbeine. 

2.  In  acid  or  alkaline  urine  by 
(a.)  Urerythrine. 

(d.)  Blood- corpuscles. 

The  following  reactions  ensure  the  diagnosis  of  these 
substances :  The  deposit,  from  which  the  tiiud  has  l>een  re- 
moved by  decantation  or  tiltration,  is  shaken  with  ether, 
which  assumes  a  violet-red  colour  when  urrhodine  is  present, 
and  dissolves  the  entire  amount  of  this  substance. 

A  part  of  the  deposit  is  acidulated  with  snlphurie,  hydro- 
chloric, or  acetic  acid;  if  the  colour  is  changed  into  citron 
yellow,  and  by  the  addition  of  ammonia  back  again  into 
red,  sennine  or  rheine  are  indicated. 

The  presence  of  albumen  or  coagulating  hiematoglobu- 
line  ensures  the  diagnosis  of  blood. 

Pathology  of  Urerythrine. 

As  urerythrine  does  not  occur  in  healthy  urine,  its  occur- 
rence is  a  symptom  of  disease.  It  occurs  more  frequently 
than  any  other  abnormal  substance ;  but,  notwithstanding, 
its  exact  bearing  has  not  as  yet  been  ascertained. 

"When  organic  medicines  and  compounds,  drastics,  mine- 
ral salts,  and  solvents  cause  diseases  of  the  intestinal  canal 
or  the  kidneys,  urerythrine  does  not  appear  in  the  urine. 
Tincture  of  cantharidcs,  for  example,  when  given  in  such 
doses  as  to  cause  albumen  and  blood  to  appear  in  the  urine, 
did  not  make  urerrthrine  appear  in  the  urine.  Its  occurrence 
is  never  observed  to  accompany  diseases  of  the  kidneys. 

The  case  is  different,  however,  with  metallic  salts;  the 
compoimds  of  lead,  copper,  mercury,  arsenic,  antimony,  and 
others,  even  when  given  or  ingested  accidentally,  even  in 
small  doses,  soon  cauK  ureryUmne  to  appear  in  Uie  urine. 
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'Wlicn  taken  in  large  doses,  so  as  lo  exert  poisonous  effects, 
they  cause  the  appearance  of  large  quantitiesofiirerytlirine  in 
the  urine.  As urenthrine  frequently  api>cars  in  the  urine  in 
consequence  of  or  in  connection  with  disuses  of  the  liver,  in- 
dependent of  metallic  poisons,  and  a»  the  latter  mostly  exert 
their  first  poisonous  action  in  the  liver,  it  becomes  likely 
that  the  liver  is  in  both  cases  the  place  where  this  »ubstaner 
is  produced. 

When  urerythrine  is  present  in  urine,  nnematine  is 
mostly  present  in  larger  quantities,  as  are  also  urea  and  nric 
acid.  The  .quantities  of  inorganic  salts  are  variable.  Any 
deposits  that  may  occur  assume  a  pink  colour. 

Uroxanthine  is  changing,  relatively  to  urerj-thrino.  In 
urine  from  cases  of  acute  rheimiatiam,  the  quantities  of  these 
substances  seem  to  stand  in  an  inverse  proportion  to  each 
other. 

Diseases  in  which  Urerythrine  most  commonJy  occurs  in  the 
Urine. 

1.  Ac%ile  rheumaturm. — In  this  disease  it  is  almoBt  con- 
stantly present,  but  its  quantity  is  often  changing  jwriodi- 
caily.     The  eartliy  phosphates  appear  to  be  augmented. 

Pericarditis.— Vi\n:a  this  disease  sets  in,  the  earthy  phos- 
phates mostly  undergo  a  rapid  diminution,  and  during  twelve 
hours  may  fall  from  the  highest  to  the  lowest  figure.  Then  \ 
follows  sinking  of  the  chlorides,  until  they  disappear  entirely, 
and  some  albumen  mostly  makes  its  appearance.  At  tbis  stage 
the  quantity  of  urerythrine  present  is  very  large. 

Pneumonia,  pleuritis,  peritonitis,  and  acute  morbus  Brightii,    , 
when  complicated  with  acute  rheumatism,  show  the  same 
course  of  nrcrjthrinc  and  other  ingredients  of  the  urine. 

2.  Certain  diseases  of  the  liver,  such  as  hypertrophy,  inda- 
ration,  granular  liver,  are  aceompauied  by  the  largest  amount  I 
of  urciythrino  that  ever  occurs  in  the  urine.  Ascites, 
consequence  of  liver  disease,  gives  a  large  amount.  lu  these  | 
cases  the  quantity  of  the  phosphates  is  normal,  and  the 
amount  of  ur^matine  is  mostly  increased.  The  colouring 
matter  of  bile  is  only  present  in  cases  which  are  complicated 
by  obstruction  of  the  gall-duct. 

3.  Ltad-colic  and  vtetailic  poisoning. — In  these  cases  the  I 
urine  is  similar  to  that  in  diseaacs  of  the  liver,  but  i 
contains  the  constituents  of  bile.  Lead  and  cop]M;r,  when  .  I 
caiuiug  disease,  arc  always  to  be  detected  in  the  urine ;  the  J 
other  metala  in  many  cases.   Earthy  phosphates  are  vuia 
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4.  Intermittent  fever, — The  phosphates  are  variable ;  urea 
is  mostly  diminished^  except  during  paroxysms. 

5.  Diseases  of  the  brain. — In  acute  cases  of  arachnitis  and 
meningitis,  the  amount  of  urerythrine  in  the  urine  is  always 
increased.  The  quantities  of  earthy  phosphates  and  of  urea 
are  increased.  There  is  little  ammonia  and  albumen.  In 
chronic  diseases  of  the  brain,  such  as  hydrocephalus  and 
tubercles,  urerythrine  is  often  present.  Typhus  also  makes 
urerythrine  appear  in  the  urine,  together  with  an  excess 
of  earthy  phosphates,  particidarly  when  brain-symptoms  are 
prevalent. 


CHAPTER  XXXIX. 
UaOXANTHINE,  Oil  INDICAN. 

rKOOLAUCINE,  OH  INDICiO  BLUE.      URRUODINE,  OK  IMDIGU  HBD. 


History. 

Perhaps  the  earliest  record  of  the  occurrence  in  urine  of 
a  blue  colouring  matter  is  that  by  Janus  Plancus.'  The 
first  chemical  description  of  a  blue  or  violet  culouring  mat- 
ter occurring  in  urine  was  given  by  Braconjiot,'  who  termed 
it  cyauourine,  and  though  he  found  that  it  had  some  simi- 
larity to  indigo,  believed  it  to  be  a  separate  organic  base. 
There  are  several  cases  on  record,  where  a  substance  corre- 
sponding in  character  to  cyanourine  was  discovered  in  urine. 
The  first  reliable  observation,  however,  of  the  occiurence  of 
indiyo  in  urine  \&  by  Prout.*  The  same  substance  afterwards 
also  occurred  to  other  observers. 

Heller*  succeeded  in  extracting  from  urine  a  yellow  sub- 
stance, uroxanthine,  which  by  treatment  with  acids  at  a 
higher  temperature  he  could  divide  into  a  blue  colouring 
substance,  uroglaucine,  and  a  red  pigment,  urrhodine. 
Cyanourine  was  proved  by  him  to  have  been  a  mixture  of 
these  two  bodies.  Kletziusky*  showed  the  identity  of  uro- 
glaucine with  indigo  blue,  and  of  urrhodine  with  indigo  red. 
Virchow^  confirmed  the  observatious  of  Heller,  which  had 
been  ignored,  doubted,  or  misrepresented'  by  many  authors. 

'  '  CDDimcnlirii  liitlituli  Bonouieniii,'  id.  inn.  17G7. 

1  >  Ann.  d.  Chim,  et  de  Phji.,'  xilx,  p.  252. 

'  'On  Stomicb  ind  Urintiy  Dixua,'  3d  edit.,  p.  leri. 

•  Heller'i  'AnhW.'  1845. 

'  lliid.,  Tol.  *j,  p.  414. 

'  Virchow't  'Archiv,'  vol.  »i,  p.  259. 

'  Hfller'i  obieriBlionB  hive  been  ipmrrd  by  mtny  lulhors.  The  lileit  imong 
them  ii  Neubiuer,  wbo.  buidei  liii  own  cue  of  blue  miller  obtained  from  urine. 
iaket  DO  notice  of  hiiodtedi  of  limilor  initancei  obierved  before  hitn. 

lleUer'i  obtervttionB  liave  been  doubltd  i?ven  by  luch  cliemitti  n  Robin  mid 
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He  also  found  that,  when  much  indigo-producing  substance 
was  present,  the  urine  gave  the  copper-test  for  sugar.  He 
also  obtained  uroglaucine  from  evciy  concentrated  urine. 
Latterly  Schunck'  found  indican,  identical  with  Heller's 
uroxanthiue,  ill  urine,  which  indican  he  had  before  dis- 
covered  to   be   the    chromogen    contained   in   indigoferous 

V«rileU.  On  Ihii  ia difference  Virchotr  justly  renitrka  ia  his  arlicle  quoled 
aliovci  these  Biithon  niigtit  litve  iToided  iuflicling  ■  great  injuslice  upon 
llcllcr  by  their  gronndleii  ub}ectiant,  if  Ibey  had  chtuen  to  utiif;  themulvei  by 
tlie  eipcciment.  The  ume  appliei  to  Dr.  G.  Bird,  who,  in  p.  331,  expreue*  him- 
self u  rollowB  1  "  Dr.  Heller  hu  lately  staled  (bat  Iheie  euriooi  deposiU  are 
merely  metaniorpbcwed  aroianlhin  or  yellow  colouiinft  niatfer  of  arioe,  bdiI  ha* 
applied  the  name  of  uroglaucine  to  tbe  blue  pigment.  He  assumes,  iberefore, 
that  it  is  ideniic^al  niih  what  I  have  described  ■■  purpuriiie.  produced  liy  the 
action  of  hydroclilnric  acid  upon  previously  warmed  urine.  The  staiementi  of 
Heller,  hanefer,  are  mixed  up  witli  certain  inaccuraciea,  and  can  faardly  he  ad- 
mitted without  more  minute  invesligBtion."  As  Hissdl.  in  p.  308  of  bis  last 
paper  Id  the  '  Philosophical  Traniactioni,'  has  similarly  miireprtimtrrl  Heller,  I 
may  here  correct  hoth  errors  at  once.  Heller  never  stiicd  that  uronanthine  was 
the  ordinary,  normal,  or  yellow  colouring  matter  of  urine.  To  tliat,  lie  applied 
the  name  of  urophEine.  Prom  1815  to  1857,  Heller  ha*  always  atserled  that 
there  is  scarcely  a  trice  of  nraxanlhine  in  healthy  urine,  and  thai  its  occurrence 
in  urine  in  any  appreciable  quantity  was  strictly  pathological.  Heller  never 
assumed  uroglaucine  to  be  ideritieal  with  Dr.  G.  Bird'i  purpurine ;  to  this  sub- 
slanee  he  applied  the  name  of  uroeijlhrine,  and  described  itiprnpertiet  with  the 
must  minute  details.  He  also  maintained  Ibat  umcrylhrine  was  deilroyed 
during  the  evaporation  of  urine,  while  Dr.  G.  Bird  obtiuned  his  purpurinc,  not 
only  from  the  deposits  of  urates,  but  alio  by  eiiricliDg  with  alcoliot  the  residue 
of  the  e»poralionof  urine.  Urerylhrine  and  purpurine  are  consequently  only 
iticiitical,  so  far  as  they  occur  as  tbe  culouring  prindplei  of  deposits  of  urates. 
The  production  of  purpurine  by  the  inBuence  of  hydrochloric  acid  upon  the 
iiornial  colouring  matter  of  urine,  is  Dr.  Bird's  excluiite  properly.  The  names  of 
urophEine  and  uierylhrine.  Heller  has  adopted  from  Simon.  Heller  is  there- 
fore, in  p.  115  of  Dr.  Bird's  work,  misrepresented  ai  having  applied  the  name  of 
urrhodine  to  what  Simon  bad  called  urerrthrine,  after  Dr.  Bird  bed  given  it  the 
name  of  purpurine.  Urrhodine  may  turn  otit  to  be  identical  with  purpurine  aiid 
urerythrine,  but  Heller  kept  them  diatiact.  [Ireryihrine  be  found  ready  in 
the  urine;  urrhodine  he  produced  fiom  a  suinlance,  which  he  was  the  Gnt  to 
discover,  uroxsnlhine.  The  crjslali  of  urogliucine  described  by  Heller,  anil 
stated  by  Dr.  G.  Bird  (p.  IM)  and  Messn.  Robin  and  Verdeil,  to  be  uric  add 
merely  tinted  by  changed  colouring  matter,  are  really  crystals  of  indigo,  as 
Vifchow  alto  confirms,  and  as  the  most  trivial  eiperimeut  can  confirm.  Urie 
acid  crystals  could  never  be  obtained  in  the  mannec  in  which  Heller  obtuned 
hii  crystalu  of  uroglaucine. 

At  p.  115  of  the  edition  of  Dr.  G.  Bird's  work  by  Dr.  Birkett,  there  is, 
indeed,  a  foot-uote,  in  wliich  uroxnnthine,  uroglaucine,  and  urrhodine  are  men- 
tioned in  luccession.  and  in  which  it  is  stated  thai  the  experiments  regarding 
uroiintliine  and  urrhodine  were  >o  ineomplelc  as  not  to  admit  of  any  conclusion. 
Three  years  ago  these  experiments  were  so  complete,  that  the  latest  discoveries 
of  Dr.  Schunck  have  fully  borne  them  out.  It  ia  surprising  that  on  the  tame 
page  the  clearest  proved  facts  should  be  doubted,  where  such  coin  as  "sulphur 
cxlractive"  is  taken  for  good  cash. 

I  hope  that  my  remarks  will  contribute  to  put  a  stop  to  bo  general  a  con- 
fusion, in  which  even  Virchow  parti cijiated,  by  believing  tbe  purpurine  of  Dr. 
Bird  and  rosacic  aeid  of  Prouat  (not  Proui)  tv  be  identical  with  cyanourine  and 
uroglaucine. 

'  'Phil.  Mag.,'S.  4,Ml.  liT,  No.  93,  Oct..  1857,  p.  2H8. 
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plants,  and  which,  under  the  iuflucnce  of  acids  or  fermeata," 
jields  iudigo  blue,  a  peculiar  kind  of  sugar,  and  a  small  quan- 
tity of  other  products.     Schunck   found   indican  in  almost 
every  urine ;  and  his  observations  strongly  supijort  the  opin 
that  indican  is  a  normal  ingredient  of  human  luriue  and  t 
urine  of  mauv  animals. 


VBOXANTBINE,    OR    INDICAN. 

The  chromogen  of  indigoferous  plants  is  a  peculiar  eoloiiP' 
less  substance,  which  has  been  obtained  (from  laatk  linctoria 
for  example)  by  extraction  with  alcohol,  precipitation  of  the 
extract  by  acetate  of  lead,  and  deeomposttion  of  the  pre- 
cipitate, first  by  carbonic  acid,  afterwards  by  hydrolhion, 
when  it  remained  in  solution  in  the  filtrate.  On  evaporation 
there  remains  a  gimi-like  mass,  indican,  which,  when  boiled 
with  acids,  yields  indigo  blue,  a  peculiar  description  of  sugar, 
and  a  amidl  quantity  of  other  matters. 

This  indican  had  long  been  discovered  and  described  by 
Heller,  who  did,  however,  not  observe  that  sugar  was  one  of 
the  products  of  its  decomposition  by  acids ;  but,  hainng  dis- 
covered the  generation  of  iudifjo  blue  and  indigo  red  under 
the  influence  of  these  agents,  he  shared  the  error,  then  almost 
general,  of  uroxanthine  and  the  chromogen  of  the  indigo- 
feroiiB  plants  being  white  or  reduced  indigo. 

HcUer  precipitated  urine  by  acetate  of  lead,  and  evapo- 
rated the  filtrate  to  dryness  at  a  low  temperature.  He  then 
extracted  it  with  ether,  which  after  evaporation  left  uro- 
xan  thine. 

Schunck,  haring  ascertained  the  peculiar  nature  of  indi- 
can, proceeded  to  obtain  evidence  of  its  presence  in  urine, 
in  the  following  manner : 

AVhen  muriatic  or  sulphuric  acid  is  atlded  to  urine,  the 
mixture  on  being  heated  becomes  brown,  and  begins  to  de- 
poait  dark-brown  flocks,  which  increase  in  quantity  when  the 
heating  is  continued.  When  these  flocks  are  filtered  off, 
washed,  and  dried,  they  form  a  compact,  dark-brown  mass, 
from  which  cold  alcohol  extracts  a  resinous  matter,  leaving 
undissolved  a  brown  powder,  which  dissolves,  however,  in  a 
boiling  mixture  of  alcohol  and  ammonia.  This  powder  re- 
sembles, but  is  not,  indifuscine,  one  of  the  products  of  the 
decomposition  of  indican. 

If  the  liquid  filtered  from  these  flocks  be  mixed  with  a 
salt  of  oxyde  of  copper  and  an  excess  of  caustic  soda,  it  be- 
comes greenish,  and  if  after  being  filtered  it  be  heated  tat 
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some  time,  it  gradually  deposits  a  tolerably  large  quantity  of 
suboxyde  of  copper,  which  ia  a  proof  of  the  presence  of 
sugar.  That  the  latter  Las  been  formed  during  the  proceas, 
and  (lid  not  pre-esist,  may  be  ascertained  by  previously 
heating  a  portion  of  the  urine  ivith  a  salt  of  copper  and 
caustic  soda,  before  treating  the  remainder  of  it  with  acid. 
Samples  of  urine,  which,  when  tried  in  this  way,  afforded 
very  doubtful  or  no  indications  of  their  containing  sugar, 
were  found,  after  being  boiled  with  acid,  then  filtered  and 
made  alkaline,  to  reduce  osyde  of  copper  in  a  very  marked 
manner.  This  reaction  proves,  that  there  is  contained  in 
urine  some  body,  which  by  decomposition  with  acids  yields 
sugar,  the  brown  flocks  precipitated  at  the  same  time  being 
probably  the  substance  with  which  the  sugar  was  originally 
associated  in  the  form  of  a  copulated  compound.  ScLunck 
found  that  the  composition  of  these  flocks  was  expressed  by 
the  formula  C.^H^NO,,  which  ia  also  that  of  anthrauilic  acid, 
a  product  of  the  decomposition  of  indigo  blue. 

Iiidican,  or  uroxanthine,  is  soluble  in  water,  alcohol,  and 
etiicr.  By  decomposition,  under  the  influence  not  only  of 
Iwiling  acids,  but  also  of  ferments,  it  yields  indigo  blue, 
indigo  red,  and  sugar,  as  the  principal  products, 

Occurrence  of  Indican. 

According  to  Heller,  uroxantUine  is  present  in  the  largest 
proportion  in  those  specimens  of  urine  from  patients,  which 
on  addition  of  hydrochloric  acid  assume  a  blue  tint.  Such 
urine  occurs  most  firequently  in  diseases  of  the  serous  mem- 
branes, the  kidneys,  and  the  spinal  marrow.  Schunck  has 
demonstrated  the  existence  of  indican  in  almost  every  speci- 
men of  healthy  urine,  and  thus  confirms  Virchow,  who  had 
already  foiuid  that  indigo  blue  might  be  obtained  by  Heller's 
process  from  almost  every  concettiraled  urine. 


Producls  of  the  Decomposition  of  Indican. — Indigo  Blue  and 
Indigo  Red. 

Elements :    C.^UjNO.j,     identical     in     both     substances 

(Schunck). 


Mode  of  obtaining  these  mibatances  pure. 

a.  From  the  indigo  of  commerce. — When   the   indigo  of 
commerce  is  boiled  with  dilute  acetic  acid,  indigo  glue  goes 
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into  Bolution,  and  may  be  obtained  firom  it  br  evsporatton, 
as  a  yellowish,  vamisfi-like  mass,  whicb  18  solnblc  in  water 
and  atcoliol.  The  snbstancc  thus  freed  of  indigo  glue  is 
nest  treated  with  solution  of  caustic  potash,  which  dissolvea 
indigo  brown.  This  latter  eulratance  may  be  precipitated 
from  the  solution  in  potassa,  by  the  addition  of  su]]>haric  acid, 
in  the  shape  of  a  voluminous  brown  mass,  whicli  possesses 
an  acid  reaction.  Indigo  thus  treated  with  acid  and  alkali 
yields  to  boiling  alcohol  a  red  colouring  matter,  indigo  red 
{indirubine  of  Schunck),  which  on  evaporation  of  the  alcohol 
remains  in  the  form  of  a  reddish -brown  powder,  soluble,  with  a 
dark-red  colour,  in  alcohol  and  ether.  On  heat  being  ap- 
plied to  it,  it  is  partly  sublimated  without  decomposition; 
another  part  is  decomposed,  and  yields  a  sublimate  of  colour. 
less  crystals.  After  the  extraction  of  indigo  red  there  re- 
mains indigo  blue,  which  constitutes  the  greater  bidk  of  the 
substance  originally  employed.  This  indigo  blue  may  be 
further  purified  in  the  following  manner. 

Crystalline  indigo  blue  by  sublimation.— ^am^W  powdered 
indigo  is  placed  in  a  shallow  china  dish,  and  heated  rau> 
tiously.  On  the  surface  of  the  fragments  there  are  formed 
reticular  masses  of  crystals,  consisting  of  pure  indigo  bine. 
When  heated  in  a  gla^  tube,  indigo  evolves  purple  fiimes, 
which  suddenly  condense,  and  settle  on  the  surface  of  the 
powder  from  which  they  were  evolved.  It  is,  however,  im- 
possible to  conduct  the  sublimation,  so  as  not  to  destroy  a 
part  of  the  indigo  by  overheating.  For  the  production  of 
larger  quantities  of  pure  indigo  blue,  the  following  process  is 
therefore  more  profitable. 

Crystalline  indigo  blue  by  reduction. — On  mixing  powdered 
indigo  with  grape-sugar,  spirits  of  wine,  and  concentrated 
solution  of  caustic  soda,  and  immediately  closing  the  bottle 
and  letting  stand  for  some  time,  a  yellow  solution  of  indigo 
white,  or  reduced  indigo,  in  the  alkali,  results,  by  the  grape- 
sugar  withdrawing  one  equivalent  of  osygen  from  the  indigo 
blue.  If  the  clear  fluid  is  now  decanted,  and  exposed  to  the 
air,  the  reduced  indigo  takes  up  again  the  lost  equivalent  of 
oxygen,  and  becomes  indigo  blue,  which  is  slowly  deposited 
in  a  crystalline  form, 

Aimrrphous  indigo  blue  by  reduction. — If  common  indigo 
is  mixed  with  caustic  lime  and  a  solution  of  sulphate  of  sub- 
oxyde  of  iron,  and,  the  (ur  being  excluded  at  the  same  time, 
is  allowed  to  stand  for  some  time,  the  suboxyde  of  iron  by 
withdrawing  oxygen  transforms  indigo  blue  into  indigo 
white,  which  latter  is  soluble  in  Urac.  When  the  clear 
yellow  solution  is  poured  into  dilute  hydrochloric  acid,  i 
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the  mixture  is  exposed  to  the  air,  the  indi^  white  rapidly 
absorbs  oxygen,  and  is  precipitated  in  the  form  of  indigo 
blue. 

Physical  and  chemical  properties. — The  crystalline  indigo 
blue  forms  purple,  scaly  crystals.  The  amorphous  modifi- 
cation possesses  a  blue  colour  with  a  purple  hue,  and  by 
friction  becomes  of  a  glistening,  copper-red  colour.  In  the 
form  of  a  subtle  powder,  it  is  blue.  It  has  neither  taste 
nor  flavour,  and  is  insoluble  in  water,  alcohol,  ether,  and 
dilute  acids  and  alkalies. 


b.  Heller's  method  of  obtaining  indigo  blue  and  indigo  red 
from  pathological  wrine.— The  fresh  urine  is  precipitated  by  a 
hot  solution  of  acetate  of  lead,  the  filtrate  is  quickly  freed 
from  lead  by  hydrothion,  and  the  excess  of  the  latter  is  removed 
from  the  filtrate  by  boiling.  This  hot  fluid  is  now  poured  in 
small  portions,  under  constant  stirring,  into  an  equal  volume 
of  highly  concentrated,  fuming,  pure  hydrochloric  acid.  The 
fluid  becomes  indigo  blue,  bluish-green,  and  very  dark.  If 
the  mixture  becomes  only  violet  or  red,  no  deposit  of  indigo 
will  be  obtained.  But  if  it  becomes  blue,  and  is  allowed  to 
stand  for  some  time,  a  copper-red,  shining,  metal-like,  dark- 
blue  crystalline  pellicle  appears.  The  fluid  after  twelve 
hours'  standing  is  diluted  with  an  equal  portion  of  cold 
water,  shaken,  and  put  aside  for  twcn^-four  hours.  A  de- 
posit, frequently  inches  high,  settles  towards  the  bottom ;  it 
is  separated  from  the  fluid  by  filtration,  washed  with  boiling 
water  until  the  washings  have  a  neutral  reaction,  then  washed 
with  some  dilute  spirits  of  wine;  lastly,  it  is  dried  in  the 
water-stove,  and  over  sulphuric  acid. 

The  blackish-blue  mass  on  the  filter  assumes  a  copper-red, 
metallic  lustre,  when  polished  by  friction  with  the  naU. 

The  perfectly  dry  filter  is  now  washed  with  pure  ether,  so 
long  as  a  red-coloured  filtrate  is  obtained ;  the  ethereal  fil- 
trates are  collected  (they  have  an  acid  reaction),  and  on 
evaporation  leave  an  uncrystallizable,  brownish-re<l  resin 
(pi gmeu to-resinous  acid),  whose  solutions  in  alcohol  and 
ether  present  so  beautiful  a  red  colour,  that  HeUer  gave  this 
substance  the  name  of  urrhodtiie.  If  the  last  portion  of 
ether  has  left  the  filter  quite  uncoloured,  a  point  up  to  which 
large  quantities  of  ether,  and  a  corresponding  amount  of 
time,  are  generally  required,  then  the  substance  on  the  filter 
is  quite  free  from  urrhodine,  and  is  now  dried.  All  that  part  of 
the  paper  which  shows  no  blue  deposit  is  now  cut  off;  the 
rest    is    cut   into    small    pieces,   put   into   a    balloon,   and 
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boiled  BtTOQgly  with  alcoliol  of  OSS  to  0'9  specifie  gravity. 
The  alcohol  is  poured  off  as  often  as  it  assumes  a  sky- 
blue  or  greeuish-oluc  colour,  and  the  reBidue  is  estractcd  with 
a  new  portiou  of  boiling  alcohol,  until,  on  protracted  and 
violent  boiling,  the  alcohol  remains  coloiirteaa.  In  this,  as 
in  the  above  operation  with  ether,  the  operator  must  be  pre- 
pared for  a  considerable  expense  in  time  and  alcohol. 

The  alcoholic  extracts,  which  have  an  acid  reaction,  arc 
filtered  while  boiling  hot,  and  then  evaporated  down  to  about 
half  the  hulk,  and  put  aside  in  a  well-closed  bottle.  After 
the  fluid  has  become  cool,  in  some  cases  after  protracted 
standing,  urogtaucine  is  precipitated  in  spider-like,  petaloid 
attempts  at  crystals.  The  supernatant  alcohol  becomes  quite 
colourless. 

Both  urrhodine  and  uroglaueine  contain  a  certain  quantity 
of  nitrogen  ;  they  burn  on  platinum  foil  without  lea\-ing  any 
residue.  Their  tests  are  so  stereotyped  and  unchangeable, 
even  when  prepared  from  the  most  varied  descriptions  of  urine, 
that  they  may  be  considered  as  chemically  jmrc  chemical 
individuals. 

Heller  found,  several  times,  that  urine  which  contained  a 
deposit  of  uroglaueine  produced  by  spontaneous  decom- 
positiou  of  the  fluid,  and  consequently  had  a  greenish-blue 
tint,  became  yellow  by  standing  in  a  well-corked  bottle.  But, 
when  air  was  admitted  into  the  bottle,  and  the  urine  shaken 
with  it,  it  became  blue  again.  This  process,  which  appeared 
very  similar  to  the  reduction  of  indigo  in  putrefying  urine, 
used  in  dyeing,  was  also  observed  hy  Kletzinsky  m  a  case  of 
disease  of  the  spine,  with  paralysis  of  the  bladder.  Heller 
found,  that  when  uroglaueine  was  boUed  with  an  alcoholic 
solution  of  potassa,  the  solution  appeared  green ;  but  when 
the  heating  was  continued  during  a  certain  time,  and  the 
temperature  raised  to  a  certain  point,  the  fluid  suddenly  lie- 
eame  red.  On  cooling  it  heeame  green  again,  and  red  on 
heating,  and  so  several  times,  until  at  last  it  permanently 
lost  its  colour,  a  yellow  shade  being  all  that  remained. 
These  reactions  caused  Klctninsky  to  compare  uroglaueine 
with  indigo  blue,  and  the  results  of  his  cKamlnations  make  it 
evident  that  uroglaueine  is  identical  with  uidigo  blue,  and 
urrhodine  with  indigo  red. 

1.  Chemically  pure  indigo  blue  (obtained  from  indigo  by 
purifying  it  with  acids,  alkalies,  and  water,  and  reducing 
the  residue  by  means  of  sugar  and  potash,  and  oxydiziug  the 
reduced  indigo  in  the  air)  was  found  soluble  in  boiling 
alcohol,  with  a  sky-hluc  colour,  when  newly  precipitated  ;  and 
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on  cooling  and  standing,  it  was  deposited  in  the  identical 
forms  of  uroglaucine. 

2.  Uroglaiicine,  deposited  from  alcohol,  dissolved  on  tritu- 
ration in  the  semi  hydrate  of  BulpiiuricBcid  ^SOj;SOj+  HO, 
and  formed  a  satmtited  blue  solution,  which,  on  immediate 
dilution  with  water,  deposited  traces  of  a  purple  substance. 
The  blue  solution  was  left  in  contact  for  several  hours  with 
sheep's  wool,  preWously  freed  from  fat ;  after  that  time, 
the  wool  was  found  coloured  blue,  and  the  solution  was 
colourless.  The  wool  remained  blue  on  bciug  washed  with 
soap  and  water.  But  on  boiling  with  a  hot  solution  of 
sesqnicarbonate  of  ammonia,  it  gave  up  the  blue  colour. 
Tliis  is  the  exact  bearing  of  the  coupled  acids  of  indigo  and 
snlphuric  acid,  namely,  sulphindigotic  and  sulphopbenicic 
acids. 

3.  Indigo  blue  obtained  as  a  precipitate  by  oxydation  of 
reduced  indigo,  was  soluble  with  a  green  colour  in  a  hot 
alcoholic  solution  of  potassa ;  the  solution,  at  a  certain  heat, 
became  red,  and  showed  the  same  changes  as  described  for 
uroglaucine. 

■i.  Uroglaucine,  digested  in  a  closed  bottle,  either  with 
sugar  and  potaah,  or  with  orpimcnt,  water,  and  excess  of  alkali, 
yielded  a  solution,  which  was  not  blue,  but  which,  on  being 
shaken  with  air,  deposited  a  bluish  ring  at  the  top.  The 
spontaneous  reduction  in  putrid  urine  is  parallel  to  this. 
The  alcoliolic  and  sulphuric  acid  solutions  of  uroglaucine  and 
chemically  pure  indigo  blue  have  both  the  property  of  being 
transformed,  under  absorption  of  hydrogen,  into  a  colour- 
less body  (reduced  indigo,  indigogene),  when  brought  to- 
gether with  hydrochloric  acid  and  zinc.  Oxydation  on  the 
air  restores  the  blue  coloiu-  to  the  pigment,  which  becomes 
insoluble. 

6.  Pure  uroglaucine,  produced  by  alcohol,  was  heated  be- 
tween two  watch-glasses ;  a  pnrple  fume  arose,  which,  when 
inhaled  in  small  [wrtions,  caused  sneezing  and  coughing,  and 
condensed  in  coppety-red  microscopic  needles,  just  like 
sublimated  indigo  blue. 

7.  Any  solution  of  uroglaucine,  when  heated  with  con- 
centrated nitric  acid,  yielded  a  yellow  solution,  which  became 
orange  on  the  addition  of  potash ;  on  evaporation  on  an 
object-glass,  it  left  microscopical  prisms,  which  deflagrated  on 
heating,  and  were  therefore  like  pikronitrate  of  potash.  They 
hod  a  bitter  taste. 

8.  Solutions  of  uroglaucine  and  indigo  blue  became  brown 
when  treated  with  ozonized  air,  which  was  passed  through 
by  means  of  a  common   aspirator.      On   evaporation   they 
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yielded  reddieh-yellow  microscopical  prisms,  which  hecame 
beautifully  red  with  caustic  jwtaah  (iHatiiic,  oxyde  of 
indyl). 

9.  SiJphurous  acid  had  no  effect  upon  either  uroglauciue 
or  indigo  blue.  Hyposulphites  in  watery  solution,  in  well- 
closed  bottles,  discoloured  and  reduced  both ;  and,  when 
exposed  to  the  air,  both  became  blue. 

10.  Indigo  red,  dissolved  in  boiling  alcohol,  was  obtained 
in  flakes  on  cooling :  it  was  soluble  in  ether,  easier  than  iu 
alcohol ;  almost  insoluble  in  water  and  acetic  add ;  soluble 
in  sulphuric  acid,  with  a  yellow  colour.  These  are  the  pro- 
perties of  urrhodine,  with  which,  moreover,  it  shares  the 
property  of  being  partially  sublimated  in  colourless  masses, 
perhaps  crystals,  which  become  red  by  nitric  acid. 

1 1 .  The  alcoholic  solutions  of  both  urrhodine  and  indigo 
red  bleach  in  hydrochloric  acid  and  zinc,  aud  become  red  again 
when  under  the  influence  of  air,  and  shaken  with  it. 

The  above  tests  prove,  that  uroglaucine  and  indigo  blue 
have  the  same  physical  properties,  the  same  company,  the 
same  coupled  acids,  the  same  products  of  oxydation  and 
reduction.  There  is  only  wanting  the  elementary  analysis, 
in  order  to  be  quite  sure  that  uroglaucine  is  CjjHjNOj. 

According  to  Kletziusky,  indigo  taken  internally  does  not 
reappear  in  the  urine,  but  increases  the  amount  of  uric  acid 
secreted. 

c.  Sc/iunck's  method  of  obtaining  indigo  blue  from  ordinary 
urine. — When  acetate  of  lead  is  addcfl  to  urine,  it  produces 
a  cream-coloured  precipitate,  which  consists  of  clJoride,  sul- 
phate, phosphate,  and  urate  of  lead,  and  contains  also  a  little 
of  the  extractive  (colouring,  Th.)  matter  of  urine,  which 
is,  as  it  were,  merely  mechanically  adhering  to  some  of  these 
lead  compounds,  as  it  is  not  precipitated  by  acetate  of  lead 
from  a  jiure  watery  solution.  The  luinc,  wliich  after  being 
filtered  from  these  precipitates  is  much  paler  iu  colour  than 
it  was  before  the  addition  of  acetate  of  lead,  gives  with  basic 
acetate  of  lead  a  second  precipitate  of  a  pale  cream  colour, 
which  consists  of  the  lead  compound  of  the  extractive  matter 
mixed  with  some  basic  chloride  of  lead.  Both  this  and  the 
first  precipitate  give,  when  treated  with  sulphuric  or  muri- 
atic acid,  yellow  liquids,  which,  afler  being  filtered  from  the 
sulphate  or  chloride  of  lead,  and  boiled,  yield  brown  flocks 
exactly  like  those  obtained  from  urine  itself.  The  liquid 
filtered  from  the  precipitate  obtained  with  basic  acetate  of 
lead  is  almost  colourless.  It  gives,  on  the  addition  of  am- 
monia, an    almost  white  precipitate,    the  quantity  of  which 
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B  much  lees  than  that  of  cither  of  tlie  other  two  precipitates, 
Now  this  precipitate  contains  in  most  instances,  in  combi- 
nation with  oxyile  of  lead,  a  small  quantity  of  the  substance, 
which,  by  decomposition  with  acids,  yields  indigo  blue.  For, 
if  the  precipitate  is  decomposed  by  acids,  the  filtrate  deposits 
indigo  blue  on  standing. 

The  following  proceeding  dispenses  with  the  first  precipi- 
tation and  filtration.  The  urine  having  been  mixed  with 
basic  acetate  of  lead  until  no  more  precipitate  is  produced,  is 
filtered,  and  after  the  precipitate  has  been  washed  with  water, 
tlie  liquid  is  mixed  with  an  excess  of  ammouia,  which  always 
produces  more  or  less  of  a  white  or  yellowish- white  precipi- 
tate. This  precipitate  is  collected  on  a  filter,  sliglitly  washed 
with  water,  and  then  treated  with  dilute  sulphuric  or 
muriatic  acid  in  the  cold.  After  the  whole  of  the  oxyde  of 
lead  has  combined  with  the  acid  employed,  the  liquid  is 
filtered.     When  there  is  much  of  the  indigo- producing  body 

S resent,  the  filter  acquires  a  blue  tinge,  small  particles  of 
lue  pigment  are  seen  dotting  the  surface  of  the  sulphate  or 
chloride  of  lead,  and  the  surface  of  the  liquid,  which  is  of  a 
bromdsh- purple  colour,  in  a  very  short  time  becomes 
covered  with  a  thin  pellicle,  which  is  blue  by  transmitted,  and 
copper- coloured  by  reflected  light;  particles  of  the  same  blue 
substance  being  at  the  same  time  found  attached  to  the  sides 
of  the  vessel.  When  there  is  less  of  the  indigo- producing 
body  present,  this  pellicle  only  appears  after  some  time, 
sometimes  not  until  the  next  day.  After  twenty-four  hours, 
however,  the  action  of  the  acid  is  always  completed,  so  that  if 
no  indigo  blue  then  appears,  or  can  be  detected  on  examination 
of  the  deposit,  the  total  absence  of  the  indigo-producing  body 
may  be  inferred.  On  the  succeeding  day,  however  large  the 
quantity  of  blue  deposit  formed  may  be,  the  liquid  no  longer 
appears  purplish,  but  brown,  and,  after  being  filtered  and 
boiled,  deposits  a  dark-brown  powder,  having  exactly  the 
same  appearance  as  that  produced  by  the  action  of  acids  on 
the  ordinary  extractive  matter  of  urine.  Tlie  matter  left  on 
the  filter,  after  being  washed,  is  treated  with  caustic  soda, 
which  dissolves  a  portion,  acquiring  thereby  a  brown  colour. 
The  portion  which  remains  undiMolved,  after  being  again 
collected  on  a  filter  and  washed,  is  treated  with  boiling 
alcohol.  In  most  'cases,  the  alcohol  thereby  acquires  a 
bright  blue  colour.  When,  however,  the  quantity  of 
deposit  formed  is  tolerably  large,  the  boiling  alcohol  first 
dissolves  another  substance,  which  imparts  to  it  a  fine  pur- 
ple colour,  and  which  is  identical  with  indigo  red  (Schuuck's 
indirubine,    Heller's   urrhodine).     That   which   the  boiling 
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alcohol  leaves  undisBolved  is  a  bright  blue  powder,  harmg 
the  properties  of  itidigo  blue.  It  dissolves  in  an  alkaline  so- 
lution of  protosyde  of  tin,  and  the  solution  on  exposure  to  the 
air  becomes  covered  with  a  hlue  film.  It  is  soluble  in  con- 
centrated sidphurie  acid,  forming  a  blue  solution,  which  re- 
mains blue  even  after  dilution  with  water.  It  imparts  to 
boiling  alcohol  a  bright  blue  colour,  and  the  solution  on 
cooling  and  standing  deposits  blue  flocks.  When  heated  in 
a  tube,  it  gives  a  purple  vapour,  wliich  forms  on  the  colder 
parts  of  tlie  tube  a  blue  sublimate. 


Mutumorjihoses  of  Indigo  blue. 

I  have  already  mentioned  the  most  important  metamor- 
phoses of  indigo  hlue,  when  detailing  the  modes  of  obtaining 
it  pure  and  the  eridencc  of  the  identity  of  indigo  blue  and 
uroglaurme.  It  may  be  well  to  recapitulate  theoretically 
these  metamorphoses,  and  to  add  those  not  yet  mentioned. 

By  the  reduction  of  indigo  blue,  indigo  while  is  ob- 
tained. This  process  is  effected  according  to  the  following 
formula : 


-HO  = 


C,JI,NOa. 
Iridigo  wbile. 


By  the  oxydation  of  indigo  blue,  we  obtain  in  the  first  in- 
stance iaatitie,  which  contains  two  equivalents  of  oxygen 
more  than  indigo  blue. 


C^HsNO^  +  20  - 

ladigo  blue. 


C„HflNO,. 


Under  the  continued  influence  of  osydizing  agents,  such  an 
nitric  acid,  isatine  is  transformed  into  uitro-ealicylic  acid, 
lastly  into  picne  acid.  The  compounds  obtained  from  isatine 
by  chemical  substitution  are  very  numerous.  Under  the  in- 
fluence of  ammonia  it  forms  a  series  of  remarkable  amides. 

Under  the  inHueuce  of  a  concentrated  solution  of  caustic 
potassa  and  boiling,  giving  free  access  to  the  air,  or  adding 
manganese  to  the  mixture,  anthranilic  acid  is  being  formed. 
The  substance  having  the  composition  of  this  acid  was  ob- 
tained by  Sohunck  from  urine,  by  the  action  of  strong  acids. 
It  remains  to  be  ascertained  whether  this  substance  is  iden- 
tiad,  or  ouly  isomeric  with  anthranilic  acid. 
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The  formation  of  antliranilic  acid  from  indigo  blue  takes 
place  after  the  follovfing  formula : 


CifiHsNOj  +  2H0  ^  40  =Ci^H^N04  +  2C0,. 
laiJIgo  blue.  Anthnnilic  acid. 


Physiology  of  Indican, 

Schuuck  has  succeeded  iu  obtainiug  indigo  blue  from  urine 
in  BO  great  a  number  of  instances,  that  it  is  probable  that 
indican  will  in  future  have  to  be  placed  among  the  normal 
constituents  of  urine.  It  certainly  occurs  more  frequently 
than  any  of  the  abnormal  ingredients  of  urine.  Urines  con- 
taining this  substance  exhibit  no  remarkable  or  peculiar  ap- 
pearance whatever;  they  are  acid,  clear,  and  of  the  usual 
colour.  Its  occurrence,  at  least  if  its  quantity  is  moderate, 
is  not  to  be  considered  as  a  pathological  phenomenon.  Its 
presence  is  not  attended  by  any  sj-mptoms  of  ill  health,  or 
feelings  of  discomfort.  The  state  of  health  and  the  appear- 
ance of  the  urine  do  not  permit  any  conclusions  to  be  drawn 
as  to  the  presence  or  absence  of  this  indigo-producing  sub- 
stance. 

A  small  number  of  samples  of  urine  from  patients,  whidi 
Schimck  liad  au  opportunity  of  examining,  yielded,  with  one 
exception,  no  more  indigo  blue  than  the  generality  of  healthy 
urines.  Heller,  however,  found  more  uroxanthine  to  be  pre- 
sent in  the  urine  from  persons  labouring  under  diseases  oi  the 
serous  membranes,  the  kidneys,  and  the  spinal  marrow. 
Perhaps  concentration  is  mainly  the  condition  upon  which 
the  success  of  a  search  for  indigo  in  urine  depends.  Virchow 
could  obtain  indigo  blue  from  every  concentrated  urine. 
Now,  as  the  urine  of  patients  is  mostly  a  fluid  of  a  much 
higher  speciiic  gravity  than  the  urine  of  healthy  individuals, 
these  different  observations  would  herein  find  a  reconcilia- 
tion. 

The  physiological  quantity  of  the  ehromogen  in  urine 
must  be  exceedingly  small.  By  working  for  several  weeks 
on  the  urine  of  two  individuals,  which  contained  a  compara- 
tively large  quantity  of  chrouiogen,  Schunck  obtained  one 
gnun  of  indigo  blue. 

The  urines  of  forty  different  individuals,  all  of  whom  were 
apparently  in  a  good  state  of  health,  yielded,  with  one  ex- 
ception only,  more  or  less  indigo  blue,  when  examined  in  the 
manner  described.  These  hidividuals  belonged  to  both  sexe«, 
and  they  were  of  ages  varying  from  seven  to  fifty-five.  The 
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majority  were  persons  uf  the  working  classes.  The  latest 
quantity  of  indigo  blue  wait  obtained  from  the  urine  of  a  man 
above  the  age  of  fifty,  a  publican  by  trade.  The  urine  of  a 
young  man,  aged  thirty-two,  a  servant,  yielded  almost  as 
large  a  quantity.  Among  the  rest,  the  urine  of  a  young 
man,  aged  twenty-five,  an  engraver ;  that  of  a  clerk,  aged 
twenty-three;  and  that  of  a  girl,  aged  twelve,  who  had  been 
a  cripple  fiom  infancy,  were  alone  remarkable  for  the  amount 
of  indigo  blue  which  they  yielded.  In  all  these  eases,  the 
indigo  blue  was  accompanied  by  the  substance  imparting  to 
al(»hol  a  purple  colour,  iudirubine  or  uirhodiuc.  The  other 
specimena  aflbrded  much  less,  sometimes  mere  traces.  In 
ail  cases,  however,  in  which  the  urine  of  the  same  indindual 
was  examined  at  different  times,  the  amount  of  indigo  bine 
obtained  from  it  waa  found  to  vary  exceedingly,  it  being 
sometimes  considerable,  and  occasionally  dwindling  down 
to  a  mere  trace.  It  was  only  very  rarely,  however,  that 
none  waa  found.  In  the  case  of  the  individual  first  referred 
to,  the  urine  gave  on  one  occasion  not  a  trace,  and  this  took 
place  when  he  was  engaged  in  performing  labour,  unusual 
for  him  both  in  its  nature  and  amount.  In  Dr.  Schunck's 
(rwn  case,  as  well  as  in  that  of  his  assistant,  the  amount 
varied  most  capriciously  from  a  tolerable  quantity  to  a  mere 
trace,  occasionally  even  none  at  all  being  obtained. 

Several  experiments  with  different  kinds  of  diet,  in  order 
to  ascertain  the  effect  on  the  amount  of  indigo  blue  yielded 
by  the  urine,  led  to  no  very  decisive  results. 

Of  two  samples  of  luine  from  patients  with  albuminuria, 
one  gave  a  small  quantity  of  indigo  blue,  the  other  not  a 
trace.  Several  specimens  of  diabetic  urine  yielded  it,  and 
one  of  them  a  much  larger  quantity  than  had  been  obtained 
from  any  other  specimen  of  human  urine. 

The  urine  of  the  horse  and  the  cow,  when  tried  in  the 
same  way  as  human  urine,  gave  comparatively  very  lai^e 
quantities  of  indigo  blue,  especially  that  of  the  horse. 


CHAPTER  XL. 
PilENYLIC    OR    CARBOLIC    ACID. 


FoHDula:  C|,iI„Oj. 


Hiatury  and  OmnTettce. 

Pbenvlic  acid  was  discovered,  by  Runge,'  in  tar  obtained 
by  the  distillation  of  eoal,  It  is  now  aii  article  of  wbole- 
Bale  manufacture,  and  passes  in  commerce  by  the  name  of 
ereoaote.  It  occurs  in  castoreura  together  with  salicine, 
Iwth  Biibstances  probably  resulting  from  the  barks  of  poplars 
and  willows,  the  common  food  of  the  beaver  (Wtihler). 
Stiideler^  obtained  it  in  small  tjuantities  from  the  urine  of 
man,  tlie  horse,  and  the  cow.  After  the  internal  or  ender- 
matic  application  of  creosote,  or  substances  containing  it, 
such  as  tar,  phenylic  acid  appears  in  the  urine.  Such  urine 
frequently  is  black,*  or  deposits  a  black  precipitate  of  tar- 
like matter,  a  part  of  which  may,  perhaps,  have  some  re- 
lation to  indigo. 


Mode  of  obtairung  it  pure. 

a.  Prom  coal  tar.  Coal  tar  is  subjected  to  distillation, 
and  the  products,  which  pass  over  at  a  temperature  of  from 
1 50°  to  200°  C.  (302°  to  392°  F.),  are  collected,  mixed  with  a 
concentrated  solution  of  potassa,  in  which  phenylic  acid  is 
soluble.  From  this  salt  the  acid  is  separated  by  means  of 
hydrochloric  acid,  and  by  distillation  over  chloride  of  calcium 
is  obtained  anhydrous. 

'  '  Poggend.  Ann*l.,'  mi,  p.  69 ;  xxxii,  p.  308. 

'  'Annal.  d.  Cliem.  anil  Phirm.,'  Ixvii,  p.  360 1  liivli,  |i.  17. 

>  See  the  cues  hj  Dr.  HtJ^od,  •  Medical  Guette,'  vol.  u,  1834-35,  p.  599. 
Elliotton,  'Med.-C)iir.  Traniict.,'  vol.  xjx,  p.  237-  H.  M.  lliighea.  '  Gdv'b 
Hoipiial  Rf]!.,'  3d  aeriet.  vol  ii,  !>.  i2,  where  alio  Mt>ettl  oliKrvitioM  of  Dr. 
llennBnn  Welirr  are  qualed. 


340  tazsxuc  ob  cjjibolic  acid. 

b.  Prom  urine  of  cots.  Stadeler  obtained  pbenTlic  acid 
from  this  fiuid  by  first  rerooricg  hippuhc  acid  in  the  usaail 
way,  with  lime  and  hydrochloric  acid.  The  mother-Uqnor  he 
snbjectcd  to  distillation,  and  the  distillate  to  repeated  recti- 
fication. The  rectified  fluid  was  distilled  orer  hydrate  of 
potawa,  the  residue  was  partly  saturated  with  sulphuric  acid, 
a^n  distilled,  the  distillate  rectified  by  chloride  of  sodium, 
and  saturated  with  carbonate  of  soda.  The  oily  matter  thus 
separated  was  taken  up  with  ether,  the  ether  evaporated, 
and  the  residue  a^in  distilled  over  potassa ;  the  rest  of  the 
acid  was  evolved  from  the  potassa  by  the  addition  of  lu- 
carbonate  of  potassa.  By  continued  fractional  distillatioii 
almost  pore  phenylic  acid  was  obtained. 

c.  From  human  urine,  after  the  endermic  administistioa 
of  tar,'  or  the  internal  use  of  creosote.  In  two  casea  of 
paoriasis,  tar  was  rubbed  over  the  whole  sorface.  Three 
hours  after  the  first  inunction,  the  urine,  which  before  had 
been  clear  and  etraw-yellow,  became  ambcr-yelk)w,  and  de- 
posited uric  acid  in  colourless  plates.  The  urine  which  was 
passed  after  twelve  hours  was  dark  brownish-black,  deposited 
a  lar^  sediment  of  coloured  uric  acid,  and  emitted  the  cha- 
racteristic odour  of  tar.  These  peculiarities  the  urine  re- 
tained during  the  entire  course  of  the  tar  treatment. 

When  the  brownish -black  urine  was  left  to  spontaneous 
decomposition,  which  generally  ensued  on  the  fifth  or  sixth 
day,  it  assumed  a  dark-green  (Irturkffruu)  colour,  on  the 
appearance  of  alkalescence,  and  then  went  through  all  ibe 
stages  of  ordinary  decomposition. 

The  fact  of  the  urine  depositing  uric  acid  so  completely, 
that  hydrochloric  acid  did  not  prodiu*  any  further  precipitate, 
suggested  the  probability  of  the  presence  of  an  abnormal 
acid  in  the  urine.  After  the  addition  to  the  urine  of  some 
Bulpburic  acid,  it  was  subjected  to  distillation,  whereby  an 
acid  difitillate  was  obtained,  which  en]itte<l  u  strong  odour  of 
tar,  was  milky,  but  cleared  up  gradually,  and  deposited  dark- 
brown  drops,  which  were  like  creosote,  A  chip  of  pine- 
wood,  moistened  with  hydrochloric  acid,  and  dipped  into  the 
clear  watery  fluid,  gradually  assumed  a  bluish-green  colour. 
Tlie  addition  of  cUoride  of  iron  to  this  liuid  produced  a 
dark-brown  mixture,  and  an  excess  of  the  chloride  produced 
a  brown  adhering  precipitate.  Nitrate  of  silver  pro<luced  a 
white  precipitate,  which,  on  the  addition  of  ammonia,  or 
simply  on  warming,  was  reduced  to  metallic  silver.  Neutral 
acetate  of  lead  produced  a  white  precipitate.     When  chlorine 

'  P.(iet»,  W,,  '  Pr»|5-r  ViErtdjoli  rich  rift,"  IBSi.  vnl.  iii,  p.  12fi. 
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gas  was  passed  through  the  Huid,  it  aaeumcd  an  orange 
colour,  and  deposited  a  brown  rctiiiious  precipitate.  The 
solution  on  the  addition  of  nitric  arid  became  reddish- 
brown  ;  sulphuric  acid  produced  a  pink,  rosy  colour  at  the 
bottom  strjitum  of  the  fluid,  the  supcrnataut  fluid  beeoniiiig 
turbid  like  milk.  Uuder  the  iiiliuence  of  chromic  acid,  the 
solution  became  black.  These  tests  are  characteristic  ot 
carbolic  acid. 

After  repeated  rectification  of  the  original  distillate,  a  pale, 
yellowish,  oily  liquid,  of  the  odour  of  creosote,  was  obtained, 
which,  on  the  addition  of  caustic  potash,  transformed  into  a 
niiiguia  of  white  crystals,  which  had  the  smell  of  mint 
{h-ansemiime) ,  This  potash  salt  dissolved  in  water,  had  a 
very  agreeable  odour,  and  therefore  must  have  contained 
ewpione,  besides  carbolic  acid.  It  yielded  a  pale,  yellowish 
distillate,  which  after  removal  of  the  water  by  means  of 
chloride  of  calcium,  became  clear  and  colourless,  of  an  oily 
consistence,  and  scarcely  emitted  any  odour.  It  burned  with 
a  sooty  flame,  had  a  corrosive  taste,  blistered  the  skin,  began 
to  bubble  at  a  temperature  of  203°  C.  (397  "F.),  boiled 
between  215°  and  220°  C.  (419°  and  438=  F.),  and,  with  the  ex- 
ception of  the  first  part  of  the  distillate,  remained  fluid  even 
at  a  temperature  of — 25°C.  ( — 13°  F.)  The  elementary  analysis 
of  this  fluid  yielded  the  following  results  : 

Found,  C  =  68-55        Calculated,  C  =  69-90 
H=    641  H=    6-79 

0  =  2504  0  =  23-31 


lOOOO 


100-00 


From  these  figures  results  the  formula  C,^HjOj  +  HO,  which 
corresponds  to  carbolic  acid  plus  one  equivalent  of  water. 
This  latter,  however,  was  undoubtedly  merely  an  admixture 
of  water,  from  which  the  substance  could  not  be  freed  entirely 
before  the  combustion. 

When  the  urine  was  neutralized  with  lime,  it  yielded  an 
ammoniacal  distillate,  which,  after  removal  of  the  ammonia 
by  neutralization  with  sulphuric  acid,  left  a  residue  from 
which  alcohol  extracted  a  substance  having  the  smell  of  tar, 
and  depositing  in  brown  flakes  on  evaporation  of  the  alcohol. 
The  nature  of  this  substance  could  not  be  ascertained  any 
closer,  as  its  quantity  was  too  small.  A  similar  substance 
could  be  extracted  from  the  fresh  urine  by  means  of  alcohol. 
When  shaken  with  etlier,  the  latter  extracted  from  the  urine 
a  purple  matter,  which  after  evaporation  became  dark  red, 
and  was  fusible. 


849  mcxYLic  or  cardouc  acid. 

Carbolic  acid  could  only  be  obtained  from  the  urine  aftrr 
the  addition  of  Bulphuric  acid.  It  must  therefore  have  beeii 
io  combination  with  a  base  not  ascertained. 

Carbolic  acid  could  not  precipitate  uric  acid  froin  its  soln- 
tioD,  aa  it  is  a  weaker  acid  than  even  carbonic  actd, 
and  is  driven  out  of  its  compounds  by  ibc  latter. 
Another  acid  was  therefore  present  in  the  unae,  and  pre- 
cipitated uric  add. 

Dr.  Fetters  is  of  opinion  that  moat  of  the  constituents 
of  tar  may  enter  the  org:am»m,  and  paas  out  by  tbe  urine. 
The  residue  from  which  the  volatile  substances  had  been  dis- 
tilled off,  yielded  an  alcoholic  extract,  which  on  eraporation 
gave  a  black,  tougb,  tar-like  deposit.  Tliis,  after  crysial- 
lination  of  the  salts  and  resolution  in  alcohol,  deposited  a 
substance  on  the  admixture  of  water,  which  bad  the  odour  of 
tar,  was  resinous,  and  underwent  no  further  change*. 

Pkytiohgy  uf  Phtttt/Uc  acid, 

Phenylic  add  when  introduced  into  the  animal  economy 
is,  at  leaet  in  part,  excreted  unchanged.  In  case  the  food  of 
man  should  contain  this  acid,  its  occurrence  in  human  urine 
would  \k  accounted  for.  Smoked  and  dried  meat  certainly 
contains  a  small  amount  of  this  acid,  together  with  other 
substances,  the  products  of  dry  distillation.  There  is,  how- 
ever, nothing  improbable  in  the  opinion,  that  phenylic  acid 
may  lie  a  collateral  product  of  tbe  oxydation  of  aliments. 
I'or  as  it  is  found  in  the  urine  of  animals  feeding  on  matters 
which  have  not  been  proved,  and  a  pnori  could  not  be  sup- 
posed, to  contain  phenylic  acid  ready  fonoed,  we  are  driven 
to  the  conclusion  that  it  is  formed  in  the  IhkIv. 

Frerichs  and  Wiihler  proved  phenylic  acid  to  be  a  poison. 
A  few  drops  of  it  killed  rabbits  and  do^  in  a  ijuarter  of  on 
hour.  Most  probably  the  creosote  and  tar  treatment  is  only 
tolerated  by  patients  because  these  substances  are  iwing  con- 
stantly eliminated  by  the  kidneys.  In  some  of  Petlera's 
cases  tbe  inunction  with  tar  caused  symptoms  of  poisoning. 
These  substances  are  the  last  retiigc  of  despairing  empiriod 
therapeutics.  Creosote  is  useful  in  septic  conditions,  but  the 
healing  effects  of  tar  are  mostly  of  an  imaginary  nature. 


CHAPa'iSH  XLl. 
DA.MALUEIC   ACID. 


Formula:  C^H^O^  +  HO. 


Discovered  by  Stadeler  iu  the  urine  of  man,  the  horae, 
and  the  cow. 

Physical  and  Chemical  properties. 

Damaluric  acid  is  an  oily  liquid,  of  an  odour  reaembling 
valerianic  acid,  heavier  than  water,  but  somewhat  soluble  in 
it.  It  differs  from  phenolic  acid,  in  the  property  of  redden- 
ing litmus,  which  phenyhc  acid  has  not. 


Co7Hpounds. 

With  baryta  this  acid  forma  a  salt,  crystallizing  in  groups 
of  needles.  The  salt  with  silver  is  a  white  powder,  which 
does  not  decompose  on  exposure  to  the  air.  The  former  is 
soluble  in  water,  strongly  alkaline,  does  not  fuse  on  heating, 
and  leaves  carbonate  of  baryta  on  combustion,  which  retains 
the  original  form  of  the  salt.  Damaluric  acid  produces  a 
precipitate  in  a  solution  of  basic  acetate  of  lead,  which  under 
the  microscope  appears  crystaUine. 

Mode  of  obtaining  it  pure. 

Stadeler  distilled  the  urine  of  the  cow  with  sulphuric  acid, 
and  thereby  obtained  an  acid  distillate,  which  was  decom- 
posed by  means  of  carbonate  of  soda.  The  solution  of  the 
soda  salts  thus  obtained  was  freed  from  phenylic  and  taurylic 
acid  by  means  of  ether,  evaporated,  and,  ^er  addition  of 
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sulpliuric  acid^  again  subjected  to  distillation.  From  the 
distillate  the  banrta  salt  was  obtained^  which  contained 
89*18  per  cent,  of  baryta.  The  silver  salt  contains  49*86  per 
cent,  of  oxyde  of  silver. 

Stadeler  distinguishes  further  damolic  and  taurylic  acids  as 
ingredients  of  human  or  animal  urine.  Without  doubting  in 
the  least  the  correctness  of  his  observations^  it  is  just  to 
say^  that  the  existence  of  these  acids  is  not^  as  yet^  suffi- 
ciently established  for  me  to  describe  them  at  full  length  in 
this  treatise. 


CHAPPER  XLII. 
OXALIC    ACID 


Fonnula:  2HO.CjO^: 


-■  0404" 
Hi. 


04=C,HjOe. 


Cotnpositiou  of  one  equivalent  in  100  parts  : 

Carbon  =  240  .  .  26-607 
Hydrogen  =  20  .  .  2-222 
Oxygen     =  640  .     .     71111 

90^.     .  100000 

History  and  Occurrence. 

The  sal  acetoselliE  had  been  known  and  ust'd  for  a  long 
time,  when,  in  1784,  Scheele'  described  a  proceeding  01 
separating  oxalic  acid  from  it  by  acetate  of  lead,  and  also 
discovered  the  identity  of  this  oxidic  acid  with  the  acid  found 
by  Bergmann^  to  be  the  principal  product  of  the  oxydation 
of  sugar  by  means  of  nitric  acid. 

Oxalic  acid  is  one  of  the  most  frequent  products  of  the 
o\ydation  of  oi^anic  matter  by  artificial  processes.  Its  com- 
pounds are  very  frequent  in  plants,  where  the  acid  repre- 
sents most  probably  the  first  st^e  of  the  reduction  of  carbonic 
acid-  Thus,  binoxalate  of  potash  was  formerly  manufactured 
from  certain  species  of  oxafis,  in  which,  as  in  certain  species 
of  rumex,  it  is  found  in  considerable  quantities.  The  parallel 
soda  salt  is  found  in  certain  plants  familiar  at  the  seashore, 
or  in  the  neighbourhood  of  salt-works,  salicomia  and  salsola ; 
the  latter,  like  "  lucus  a  non  lucendo,"  termed  salsola  kali. 
Oxalate  of  lime  enters  largely  into  the  construction  of  many 


j  voL  iii,  |ip.  361,  370. 
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species  of  lichen,  growing  on  rocks  of  UmestODe;  it  fre- 
quently amounts  to  oQc  h^f  of  tlieir  weight.'  Such  lichens 
arc  found  in  great  beauty  on  Chiswick  Bridge.  Most  higher 
plants  contain  smaller  or  larger  quantities  of  the  calcareous 
oxalate.  For  study,  rhubarb  and  onion  peel  are  usefiil.  In 
the  animal  organism  oxalic  acid  is  rarely  met  with,  except  in 
the  insoluble  form  of  the  oxalate  of  lime  when  taken  in 
vegetable  food.  Oxalic  acid  occurs  free  in  urine,  when  large 
quantities  of  oxalic  acid  or  oxalates  are  taken  in  repeated 
doses.  After  the  ingestion  of  these  euhstaucea,  the  urine  also 
contains  oxalate  of  lime  in  form  of  a  precipitate. 

Oxalic  acid,  mostly  in  form  of  the  oxalate  of  lime,  occurs 
in  the  urine  in  the  course  of  certain  diseases.  It  is  at  pre- 
sent unknown  whether  the  oxalic  acid  in  these  ca;ses  is  a 
product  of  the  organism  itself,  and,  like  the  acid  after  in- 
gestion into  the  stomach,  is  carried  by  the  blood  to  the 
kidneys  to  be  there  secreted,  or  whether  the  acid  is  the  pro- 
duct of  a  certain  and  peculiar  decomposition  of  urine  in  the 
urinary  passages. 

Normal  human  urine,  after  some  standing,  mostly  de- 
posits microscopical  traces  of  oxalate  of  hme,  not  approach- 
able by  quantitative  analysis.  The  normal  urine  of  herbivorous 
animals  mostly  contains  a  more  appreciable  quantity  of  the 
oxalate. 


Mode  of  producing  Oxalic  acid.  \ 

One  part  of  sugar  ia  heated  with  six  parts  of  nittic  scid  of 
13  spec,  gray.,  until  red  vapours  are  no  longer  evolved. 
The  fluid  on  evaporation  on  the  water-bath  yields  oxalic  acid 
in  crystals,  amounting  to  one  third  of  the  weight  of  the  sugar 
employed. 


Physical  and  Chemical  properties. 

From  ita  watery  solution  oxalic  acid  crystallizes  in  mono- 
clinometiic  prisms,  containing  four  equivalents  of  water  of 
crystidUzation,  and  hence  having  the  composition  C4HjOg-t- 
4H0.  In  dry  air  it  loses  the  whole  of  the  water  of  citb- 
tallization,  and  transforms  into  a  white  powder.  It  is  soluble 
in  nine  parts  of  cold  water,  much  more  soluble  in  boiling 
water  or  alcohol. 


■  Bneonnot,  '  Ana.  de  Cbini 
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Dfcompoai  (ions . 

It  fuses  Ijy  heat,  and  on  the  temperature  being  rniBLtl  to 
from  110°  to  ]30°C.  (230°  to 266°  F.)  it  is  de^mposed  inU) 
carlwiiic  acid,  carbonic  oxyde  and  water,  and  funnic  acid. 

C;H,,04  =  2CO  +  2HO, 

Farmic  acid. 

Wlicn  heated  with  eoucentrated  eulpliuric  acid,  oxalic  acid 
is  dccoiniiused  into  equal  volumea  of  carbonic  acid  and  car- 
bonic oxyde.  £y  oxydiziug  agents  oxalic  acid  is  transformed 
into  carbonic  acid;  this  is  effected  alowiy  by  nitric  acidj 
quicker  by  chlorine  water,  peroxyde  of  letul,  or  manganese ; 
rapidly  by  a  solution  of  permanganate  of  potash. 

Compounds. 

Oxalic  acid  being  a  very  strong  acid,  diBplaccB  maiiy  weaker 
acids  from  their  combinations.  With  two  equivalents  uf 
oxvdes  of  metals  it  Ibrms  neutral  salts  of  the  formula 


C0e+2M0,  orCpa^ 


and  with  one  equivalent  of  any  oxyde  it  forms  acid  suits, 
having  the  composition 


CA+HO.MO,  orC40J 
H.Mj 


O,, 


The  qiiadroxalates  have   the  composition  C40g  +  H0.M0  + 
CjiLpa+illO. 

The  salts  of  the  alkalies  are  easily  soluble  in  water,  and 
insoluble  in  alcohol.  The  salts  of  the  alkaline  earths  are 
quite  insolublej  so  that  lime  and  oxalic  acid  constitute  the 
best  precipitanta  for  each  other.  It  was  Bergmann  who 
lirst  employed  the  oxalate  from  oxalis  an  the  reagent  for 
lime  salts.  The  oxalates  of  oxydes  of  metals  are  mostly 
insoluble,  or  little  soluble,  in  water. 


Oxalate  of  Linte.     C40«-t-2CaO+  IHO. 

This  salt  is  obtained  by  mixing  solutions  of  chloride  of  cal- 
cium and  any  oxalate  of  an  alkali,  in  the  form  of  a  white  crys- 
talline powdri.  which  may  he  shown  to  consist  of  crossed  prisms 


818  OXALATE    OV    LIME. 

of  the  quadratic  system.  Exposed  to  dry  air  it  loses  one  half 
of  ita  water  of  crystallization ;  the  other  half  may  lie  removed 
by  heating  to  180°  C.  (356°  F.)  It  is  uecessary  to  keep  the  salt 
covered  during  tlie  drying  process,  as,  at  the  temperature  of 
150°  C.  (302°  F.),  it  becomes  very  electricalj  so  as  to  he  thrown 
out  qf  the  dish  by  the  slightest  touch.  It  is  insoluble  in  water 
and  acetic  acid,  soluble  in  hydrochloric  and  nitric  acid. 
Prom  solutions  in  the  latter  acids  it  may  sometimes  be  ob- 
tained in  crystals  by  slow  evaporation.  From  the  solution 
in  hot  concentrated  hydrochloric  acid  a  double  salt  of  chloride 
of  calcium  and  oxalate  of  lime,  of  the  composition  (0^0^+ 
3CaO)+2CaCl  +  14Aq,  is  sometimes  obtained  in  crystals. 
Free  oxalic  acid  is  also  obtained  in  crystals  from  this  solution. 
The  double  salt,  when  brought  into  contact  with  water,  is  de- 
composed into  chloride  of  calcium,  which  dissolves,  and  oxalate 
of  lime,  which  remains  as  an  insoluble  powder.  If  the  oiuilic 
acid  have  not  been  removed  by  alcohol,  no  chloride  of  calcium 
is  obtained  after  resolution  of  the  crystals,  as  it  is  immediately 
decomposed  by  the  oxalic  acid. 

The  oxalate  of  lime,  constituting  the  quadratic  crystals 
found  in  plants,  contains  sis  equivalents  of  water  of  crystal- 
lization. 


Physical  characters  nf  Oxalate  of  Lime. 

Of  these  I  shall  treat  at  some  len^h,  in  order  to  clear  up 
some  errors  in  the  literature  of  the  daj'. 

I  have  had  several  cases  of  severe  disorder  under  my  care, 
in  which  there  occurred  dejwsits  of  oxalate  of  lime  in  the 
well-known  octahedra,  and  others  in  which  the  reputed 
dumb-bells  were  present.  In  two  of  these  cases  the  octahedra 
and  dumb-bells  occurred  promiscuously ;  and  in  one  the 
crystals  of  both  descriptions  were  of  so  exquisite  a  l)eauty 
of  definition,  and  of  so  large  a  size,  as  seemed  to  be  parti- 
cularly favorable  to  examination.  This  examination  was 
repeated  frequently,  and  under  a  variety  of  circumstances, 
and  seemed  to  have  for  its  result  that  the  octahedra  of  oxalate 
of  lime  presented  a  certain  degree  of  polarizing  power,  and 
that  they  appeared  mostly  as  oblong  squares.  This  result 
differed  from  the  opinion  almost  generally  received,  at  least 
among  gentlemen  of  the  medical  profession,  namely,  that  the 
octahedra  of  oxalate  of  lime  do  not  polarize.  They  were  not 
to  polarize  because  they  crystallized  in  the  regular  or  cubic 
system,  a  position  which  was  considered  as  proved.  On  the 
other  hand,  it  waa  explained,  that  these  crystals  must  belong 
to  the  cubic  system,  because  they  did  not  polarize.     Our 
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knowledge  upon  this  point  evidently  moved  in  a  circle,  not 
in  the  spiral  line  of  i)ro{!;rcs9. 

In  looking  over  the  literature,  I  found  that  what  had  been 
seen  had  been  rightly  seen  and  fignred,  I  may  say,  very 
faithfully,  but  not  always  very  intelligibly.  But  the  appear- 
ances bad  been  misinterpreted,  disregarded,  or  explained 
away. 

How  this  was  possible,  will  not  be  easily  intelligible  here- 
after. One  saw  a  square,  irith  cross  lines,  suggesting  the 
shape  of  an  octahedi'a.  Dr.  G.  Bird,  using  a  word,  which 
no  doubt  conveyed  more  than  it  was  intended  to  convey, 
styled  them  cubes.  He  says,  at  p,  212,  §  215,  "  If  the  light 
ii  very  bright,  these  crystals  generally  resemble  cubes  marked 
with  a  cross,  the  point  of  intersection  of  the  two  arms  cor- 
responding to  one  of  the  apices  of  the  octahedron."  Now, 
on  putting  squares  for  cubes  the  sentence  is  literally  correct, 
and  fits  his  fig.  39,  to  which  he  refers.  To  cubes,  how- 
ever, this  figure  has  no  resemblance.  In  a  similar  sense,  we 
must  explain  the  word  cubes  on  two  different  places,  where 
it  is  equally  misapplied  (p.  212,  seeond  tine  from  below,  and 
p.  215,  eighth  and  tenth  lines  from  above). 

However  that  may  be,  there  can  be  no  doubt  that  Dr.  G. 
Bird  believed  the  oxalate  of  lime  to  crystallize  in  the  cubic 
system.  In  tlirec  editions  of  his  work  the  dumb-bells  and 
ellipsoid  bodies,  occurring  along  with  or  alternately  with  the 
octahedra  of  the  oxalate,  pass  as  oxalate  of  lime.  It  is  only 
in  the  Iburth  edition  that  the  difficulty  arisen  from  the  dumb- 
bells and  octahedra  exhibiting  different  appearances  in  polar- 
ized light.  He  says,  at  p.  216,  ^  220,  el  seg. :  "  These  dumb- 
bell and  oval  crystals,  although  I  have  always  described  them 
as  oxalate  of  lime,  have  always  presented  a  very  serious  diffi- 
culty to  their  being  thus  regarded,  in  consequence  of  the 
peculiarity  of  their  optical  characters.  It  is  well  known  that 
all  crystals  referable  to  the  cube  or  regular  octahedron  never 
possess  double  refraction,  and  hence  scarcely  exert  any  influ- 
ence upon  a  plane  polarized  ray  of  light.  In  accordance 
nith  this  law,  the  ordinary  crj^tals  of  oxalate  of  lime  do  not 
in  the  slightest  degree  exhibit  the  phenomena  of  colour  when 
examined  in  the  polarizing  microscope ;  merely  in  the  slightest 
degree,  if  lying  in  a  favorable  position,  appearing  illuminated 
when  the  polarizing  prisms  are  crossed.  On  the  other  hand, 
the  dumb-bell  crystals,  as  I  long  ago  stated,  exhibit  a  beautiful 
series  of  coloured  rings  traversed  by  a  black  cross."  In  con- 
sequence of  this  supposed  difference  between  dumb-hells  and 
octahedra  of  the  oxalate.  Dr.  6.  Bird  submitted  the  former 
to  an   investigation,    the   result  of  which  was,  however,  not 
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very  decinre.  He  w&iitcd  to  prove  by  the  ehetiiiral  tost  that 
the  diimb-bcUa  did  iiot  consist  of  mere  oxalate  of  lime, 
"because  their  powerful  action  on  polarized  light  was  qnite 
incompatible  with  their  being  composed  exclusively  of  this 
salt"  (p.  219).  His  five  chemical  espcriments  detailed  under 
A,  B,C,  D,E,  at  pp.  217  and  218,  failed  entirely  to  establish 
anv  difference  between  these  bodies  and  the  common  oxaIate,as 
did  also  the  e»i>eriments  of  Dr.  Bacon,  quoted  at  pp.  2S0  and 
221.  The  results  of  Dr.  Bacon's  experinients,  according  to 
his  own  words,  arc  as  follows  :  "That  the  dumb-beU  crystals 
consist  of  a  salt  of  lime  containing  either  oxalic,  oxaluric, 
or  perhaps  some  other  organic  acid  easily  converted  into 
oxalic  acid,  but  the  exact  nature  of  the  acid  remains  to  be 
ascertained  by  future  investigation."  From  this  sentence  it 
follows  clearly  that  the  dumb-bells  may  after  all  be  oxalate 
of  lime,  supposing  that  their  optical  properties  can  be  bronglit 
to  harmonise  with  that  opijiion ;  at  least  it  has  not  heea 
proved  by  any  chemical  experiment  that  they  are  not  oxalate 
of  lime.  After  Dr.  (i .  Binl  had  condemned  his  former  state- 
ments, his  new  opinion  was  generally  adopted,  Iwt  upon 
optical  grounds  only,  or  rather  upon  no  grounds  at  all,  as  we 
hall  hereafter  see. 
Some  of  the  authors  who  have  followed  Dr.  (J.  Bird  in  his 
opinion  regarding  these  crystals,  are  not  very  accurate  in 
their  statements,  a  circumstance  which  we  must  suppose  to 
have  increased  the  eonfiision  already  existing.  Dr.  Beale, 
at  p.  217  of  his  work  on  the  microscope,  when  speaking  of 
the  dumb-bells,  and  mentioning  that  they  might  be  com* 
posed  of  the  oxaliirate  of  lime,  and  had  the  power  of  polar- 
izing light,  says  that  "  Hubstances  which  crystallise  in  the 
octahedral  form  do  not  possess  this  property."  Now, 
if  Dr.  Beale  Iiad  closely  adhered  to  Dr.  G.  Bird's  statement 
already  quoted,  namely,  that  all  crystals  referable  to  the 
cube  or  result''  C-)  octahedron  never  possess  double  refrac- 
tion, and  it'  he  liml  not  been  so  niotlest  as  to  allow  authority 
to  prevail  over  the  result  of  his  own  obaervatious,  he  would 
not  have  put  down  the  octahedral  form  generally  as  not 
polarizing,  which  he  seems  to  have  been  compelled  to  do, 
from  the  fact  of  his  distinctly  stating  that  his  nclahedra  were 
of  the  quadratic  system,  inasmuch  as  one  of  their  axes  was 
much  shorter  than  the  other  two.  Unless,  therefore,  he  put 
all  octahcdm  down  as  non-poIariKing,  his  octahedra  ought  to 
have  been  polarizing  ones,  because  all  crystals  except  those 
of  the  regular  system  do  polarixe.  If  Dr.  Beale  had  at- 
tended to  the  relation  of  the  crystal  log  ru]iliicHl  axes  of  his 
crystals,  his  Un  drawings  rfijr.  I«r.  in   the  '  Microse.  in  Clin. 
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Med.'),  otherwiBeso  correctly  executed,  could  not  have  failed 
to  urge  upon  him  the  conWction  that  the  oxalate  of  lime 
crystallizcB  in  the  quadratic  and  not  in  the  cuhie  ayatcm. 

There  is  sufficient  evidence  to  show  that  other  authors 
were  aware  of  the  fact,  that  the  system  in  which  the  oxalate 
of  lime  ciystallizes,  is  not  the  r^ular  or  cubic  system.  In 
the  third  edition  of  Dr.  Front's  work  on  '  Stomach  and 
Urinary  Diseases,'  plate  i,  fig.  6,  there  is  a  diagram,  to  which 
there  is  the  following  explanation  on  the  next  page ;  "  Fig.  G 
represents  a  flat  octahedron ;  the  form  stated  by  "Wollaeton 
and  others  to  be  that  most  frequently  assumed  by  crystallized 
oxalate  of  lime.  According  to  the  recent  observations  of 
Mr.  Brooke,  however,  some  natural  crystals  of  the  oxalate  of 
lime,  containing  one  proportion  of  water,  presented  the  form 
of  an  oblique  rhombic  prism.  Whether  the  salts  thus  ap- 
pearing in  two  different  forms  are  the  same  in  composition, 
or  whether  the  octahedral  form  has  been  erroneously  as- 
sumed, is  not  ascertained."  See  'Loud,  and  Edinb.  Philos. 
Mag.,'  vol.  xi-i,  p.  419  (1840).  Funke,  in  pi.  j  of  his 
'  Atlas  der  physiologischen  Chemie,'  figures  some  oxalate  of 
lime.  The  (artificial)  crystals  were  small.  He  saw  some 
octahedra  with  one  of  their  lateral  angles  towards  the  ob- 
server, similar  to  the  four  lower  diagrams  of  Dr.  Beale's 
fig.  185,  and  concluded  that  they  were  quadratic  octahedra — 
an  opinion  which  is  certainly  justified  by  the  more  common 
apircarances  j  and,  moreover,  that  they  were  of  the  variety 
in  which  the  vertical  axis  is  the  longest,  which  is  wrong. 
It  is  wrong  for  the  following  reason :  If  the  vertical  axis  is 
longest,  the  other  two  axes  must  be  equal,  which  they  are 
not.  On  making  the  two  equal  axes  the  horizontal  ones, 
the  shortest  axis  becomes  the  vertical. 

Dr.  G.  Bird,  at  p.  221,  quotes  an  experiment  of  the 
American  physician  already  mentioned,  Dr.  Bacon,  of  Boston, 
by  which  this  observer  obtained  four-sidi-d  pri»m»  of  pure 
oxalate  of  lime.  The  experiment  nins  tlius,  §  225  ;  "  Dr. 
Bacon  examined  the  effects  of  the  different  acids  upon  artifi- 
ciaUy  prepared  oxalate  of  lime.  He  ascertained  that  when 
dissolved  in  hydrochloric  acid  .  .  .  and  allowed  to  evaporate 
spontaneously,  a  mixture  of  transparent  rhomboidal  plates, 
minute  octahedra,  and  four-sided  prisms,  often  arranged  in 
rosettes,  with  zeolitic  crystals,  were  obtained.  The  rhom- 
boids and  zeolite  groups  acted  powerfully  on  polarized  light, 
the  prisms  less  strongly,  and  the  octahedra  not  at  all.  On 
submitting  these  crystals  to  analysis,  the  rhomboids  were 
found  to  contain  hydrochloric  acid,  hut  the  prisms  and  octa- 
hedra were  pure  oxalate  of  lime."     Now  the  occurrence  of 


theee  prisms  is  perhaps  the  strongest  possible  reason  that 
could  be  advanced  why  the  oxalate  of  lime  cannot  crystallize 
in  tlie  cubic  system,  leaving  dimorphism  out  of  the  questioa 
for  the  present.  The  cnbic  system,  by  the  nature  of  its  axes, 
three  axes  of  equal  length,  and  at  right  angles  to  each  other, 
precludes  the  possibility  of  a  prism  or  column  ever  occurring 
in  it.  Besides,  even  had  it  been  possible  for  the  prisms  to 
be  in  the  regular  system,  they  coijd  not  have  polarized. 

It  is  a  matter  of  great  surprise  that  Dr.  G.  Bird  sliould 
have  overlooked  the  incompatibility  of  the  prism  with  the 
regular  or  cubic  octahedron.  Whether  his  fig.  40,  repre- 
senting the  "  square  prisms  with  a  four-sided  pyramid  at  each 
end,  forming  a  dodecahedron"  (a  term  quite  unusual  in 
cryatallograpliy  for  this  combination,  which  certainly  has 
twelve  planes,  but  not  equivalent  ones,  a  requisite  for  a  dode- 
cahedron), is  drawn  from  specimens  under  his  own  observa- 
tion, is  not  stated.  Perhaps  they  arc  given  after  Dr.  Bacon. 
Here  we  must,  however,  state  that  the  crystals  obtained  (torn 
a  solution  of  oxalate  of  lime  in  hydrocMoric  acid,  do  not  at 
once  permit  a  conclusion  to  be  drawn  upon  the  primary 
crystallizing  form  of  the  oxalate  of  lime,  inasmuch  as  they 
may  be  a  mixture  of  the  above- described  double-salt  of 
chloride  of  calcium  and  oxalate  of  lime,  plus  water  of  crys- 
tallization, and  of  oxalate  of  lime  and  oxalic  acid- 
Prismatic  crystals  of  oxalate  of  lime  were  first  observed 
by  Brooke  as  already  mentioned.  They  were  then  described 
by  C.  Schmidt  ('Ann.  d.  Chem.  uud  Pharm.,'  Ixi,  p.  804), 
who  saya  that  lie  measured  them,  and  found  thcra  to  belong 
to  the  fifth  system  of  crystallization,  the  oblique,  or  mouo- 
clinoedric  (Naumann),  or  hemiortliotype  (Mobs),  viz.,  the 
system  in  which  two  of  the  axes  are  at  right  angles  to  each 
other  in  an  horizontal  plane,  and  the  third  inclined  but  in 
a  vertical  plane  passing  through  either  of  the  other  two.  It 
is,  however,  most  improbable  that  these  mcaHurements  were 
correctly  made,  inasmuch  as  nobody  has  ever  since  observed 
any  oxalate  of  lime  in  the  oblique  system.  In  the  urine, 
prismatic  crystals  of  oxalate  of  lime  were  first  observed  by 
Dr.  P.  W.  Beuckc  {'Zur  Physiologic  und  Pathologic  des 
phoBphorsauren  nnd  oxalnauren  Kalkes,'  1850).  He  de- 
scribed them  qb  quadratic  prisms,  with  pjTamidal  termina- 
tions, and  gave  good  drawings  of  all  the  forms  of  oxalate  of 
lime  on  the  first  table  appended  to  his  publication.  Accord- 
ing to  Ch.  Gerliardt,  ('  Lehrbuch  der  organischen  Chemie,' 
1854,  German  edition  by  R.  "Wagner,  Niimberg,  vol.  i,  p. 
285,)  oxalate  of  lime  occurs  in  plants  in  the  shape  of  quad- 
ratic or  pyramidal  octaliedra,  wliich  arc  frequently  combined 
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with  the  quadratic  prism.  The  quadratic  octahetlron  may 
be  the  primarv  one  (P;  P  =  46^  28'),  or  an.  obtiiae  one 
P:  P  =  liy°3i'}  (123°  19' Rose).  The  measurementa  seem  to 
be  those  of  Schmidt,  adapted  to  the  pyramidal  system.  They 
can  therefore  not  be  relied  upon.  It  is  very  doubtful  whe- 
ther the  primary  octahedron  does  ever  occur. 

Oxalate  of  lime  is  represented  as  crystallizing  in  quadratic 
octahedra  by  E.  voii  Gorup-Besanez,  p.  182  of  the  second 
edition  of  his  '  Anleitung  zur  zoochemischen  Analyse,'  1854, 
He  says,  that  the  lonf;  or  pointed  octahedra  are  of  rare 
occurrence.  Robin  and  Verdeil,  pi.  vi,  figs.  2  and  3,  of  their 
'  Atlas '  represent  pyramidal  octahedra. 

Preparation  of  ohji-cts  for  microscopical  obserration. — It  is 
perhaps  well  to  mention  here,  that  all  precipitates  of  the 
oxalate  of  lime  used  for  any  experiment  were  cai-efuUy  washed 
until  they  yielded  no  more  traces  of  their  soluble  components, 
BO  that  no  crjstallization  could  hnve  taken  place  under  the 
influence  of  the  evaporation  of  tlie  water  surrounding  the 
object  on  the  slide.  The  oxalate  of  Hme  has  very  little 
aifinity  for  water,  and  any  preparation  of  it  not  permanently 
mounted  gets  dry  very  fast;  for  this  reason  I  always  take 
a  flat  cell  of  Brunswick  black  for  every  specimen,  which  not 
only  allows  a  lai^r  amount  of  fluid  to  remain  with  the  crystals, 
but  can  also  be  converted  into  a  temporary  mounting,  simply 
by  warming  it  a  little,  and  pressing  the  circular  thin  glass 
cover  gently  against  the  cell,  whereby  it  closely  adheres  to 
the  latter,  and  precludes  evaporation.  The  object  may  be 
mounted  permanently  if  desired,  by  surrounding  the  cell 
with  Brunswick  black.  A  little  pre8er\ing  fluid  should 
therefore  always  be  put  into  the  cell,  if  the  observer  has  the 
intention  to  make  permanent  objects. 

Crj-stals  of  the  oxalate  of  lime  are  obtained  from  the  urine 
of  cliildren  a  few  hours  after  a  meal  of  rhubarb.  The  sedi- 
ment after  being  washed  consists  of  numerous  crystals  of 
all  sizes,  the  large  ones  being  particularly  favorable  for 
examination.  Mixed  with  these  arc  in  most  cases  numerous 
ellijHoid  bodies,  more  rarely  some  dumb-bells.  It  is  partly 
on  specimens  of  this  description  that  the  following  olwerva- 
tions  on  the  polarizing  power  of  the  oxalate  of  lime  were 
made.  The  oxalate  which  occurs  in  the  urine  pathologically, 
be  it  produced  in  the  kidney,  bladder,  or  after  emission  of 
the  urine,  is  generally  of  a  smaller  size,  and  mixed  with  other 
matter,  and  therefore  is  not  bo  favorable  an  object  for 
oscopical  examination.  Very  large  crystals  occur  in  the 
;  of  the  horse,  hut  here  tliey  arc  mixed  with  a  large 
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quantity  of  ^U-War  rrystala  of  the  carbonate  of  lime.  The 
latter  is  be«t  dissolved  in  dilute  acetic  acid,  whit-h  leaves  the 
oxalate  undissolved. 

ArtiUcial  oxalate  of  lime  is  best  prepared  by  mixing  a  solu- 
tion of  an  oxalate— for  example,  oxalate  of  ammonia^ with  a 
soluble  and  dissolved  preparation  of  lime — for  example,  cbloridc 
of  calcium,  time-water,  or  phosphate  of  lime  (in  the  uriue) . 
Precipitated  from  concentrated  solutions,  the  oxalate  of  lirae 
appears  in  seemingly  amorphous  lumpy  mosses,  as  they  are 
described  by  most  wTiters ;  by  taking,  however,  very  dilute 
solutions,  and  mixing  them  at  a  higher  temperature,  close 
imitations  of  the  urinary  crystals  may  be  obtained.  The 
admixture  of  a  soluble  oxalate  to  urine  gives  a  great  varietv 
of  crystals,  some  of  which  are  described  iu  the  following 
pages. 

On  submitting  the  crystals  to  the  microscope,  it  is  neces- 
sary to  use  a  sufficiently  high  power.  Though  a  half-inch 
object-glass  is  quite  sufficient  for  recognising  the  charac- 
teristic crystals,  yet  the  quarter-inch  is  atereoscopically  better, 
that  is  to  say,  because  under  a  higher  power  fewer  points  are 
in  focus  at  a  time,  and  the  observer  becomes  more  conacioua 
of  the  relations  of  the  different  points,  sides,  edges,  and 
angles  of  the  crystals,  because  they  have  more  relief,  and 
appear  as  bodies,  and  not  as  flat  markings,  as  they  do  under 
lower  powers.  The  crystals  obtained  from  plants,  such  aa 
the  cuticle  of  the  onion  and  others,  are  generally  much 
larger  than  those  obtained  from  animal  fluids,  and  therefore 
re(]uire  lower  powers,  though  under  higher  powers  they  are 
seen  to  great  advantage. 


Pure  artificial  oxalate  of  lime,  fropt  oxalate  qf  ammonia  a»d 
rhloride  qf  ralcium. 

Ejyteriment  1. — To  a  boiling  concentrated  solution  of 
oxalate  of  ammonia,  a  concentrated  solution  of  chloride  of 
calcium  was  added,  whereby  a  copious  white  precipitate  was 
produced.  Under  the  microscope,  this  precipitate  consisted 
apparently  of  irregular  lumpy  masses,  but  on  the  application  of 
higher  powers,  and  on  taking  single  particles  for  examination, 
it  was  seen  that  these  were  composed  of  four  smaller 
roundish  particles  each,  so  as  to  represent  a  cross  with 
rounded-off  angles.  Mixed  with  these  were  small  squares, 
and  crosses  lying  on  squares.  When  the  test  bad  cooled 
by  standing  over-night,  prisms  with  pyramidal  ends  could  be 
discovered  here  and  there.    The  lumpy  masses  polarized  white 


liffht ;  the  prisms  red,  blue,  and  violet.    Sec  the  small  erosscd 
and  large  coloured  prisma  on  the  right  aide  of  fig,  4,  PI.  V. 

Experiment  2. — To  a  concentrated  aolution  of  oxalate  of 
ammonia  of  ordinary  temperature,  a  solution  of  chloride  of 
calcium  was  added.  The  precipitate  obtained  cousisted  of 
the  same  particles  aa  in  the  first  experiment,  but  they  were 
rather  larger  and  better  defined.  There  were,  however,  no 
prisms  in  this  precipitate,  which  polaiized  light  between  two 
Xichol  prisms  without  variegation  of  colour. 

Artificial  oxalaie  of  lime  from  water. 

Experiment  3.— The  water  of  the  New  River  Water  Com- 
pany, with  whieh  my  house  is  supplied,  contains  in  aolu- 
tion, like  most  water,  a  certain  projtortionofcarbonate  of  lime. 
I  therefore  thought  it  auitablc  for  an  experiment  with  the 
oxalate  of  ammonia.  As  I  wanted  crystallization  to  go  on 
as  slowly  as  posaible,  I  did  not  take  a  solution  of  the  oxalate 
of  ammonia  for  precipitating  the  lime,  but  dropped  a  crystal 
of  about  two  grains  in  weight  in  about  an  ounce  of  water 
contained  in  a  test-tube,  and  allowed  it  to  stand  over-night. 
I  obtained  a  white  thin  deposit,  consisting  of  innumerable 
crosses,  being  prisms  with  pyramidal  ends  crossed  at  right 
angles, 

The  appearances  are  represented  in  fig.  4,  PI.  V,  on  the 
left  of  the  coloured  prisms.  Some  prisms  were  single ;  in 
other  casca  a  great  many  prisms  were  crossed  at  various 
angles,  But  tlie  crosses  with  right  angles  were  the  ground 
form.      All  the  crystals  polarized  light  without  much  colour. 

This  experiment  gave  me  the  key  to  the  explanation  of  the 
nature  of  the  bodies  found  in  the  first  two  experiments. 
The  lumpy  masses  with  foiu-  indentures  are  in  fact  nothing 
but  crossed  prisms,  whose  ends,  however,  are  irregular,  round, 
sometimes  tluckened;  the  angles  are  frequently  so  much 
filled  up,  that  a  round  body  is  produced,  which  it  would  be 
difficult  to  give  an  account  of,  but  for  the  other  crystals. 
Here  we  have  then  in  the  first  instance  crossed  prisms,  the 
angles  and  edges  of  which  l)ecome  rounded  off,  and  the 
corners  filled  up,  and  that  the  more,  the  more  the  formation 
of  the  crystals  is  hastened,  and  the  more  concentrated  the 
solutions  are  out  of  which  they  form.  The  roundest  body 
from  an  oxalate  of  lime  precipitate  will,  on  careful  examina- 
tion, yet  exhibit  four  points  corresponding  to  the  places 
where  under  more  favorable  circumstances  there  would  have 
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been  four  open  angles.  Thia  ie  a  satisfactory  explanation  of 
the  Bo-callcd  tuberose  {knoUig,  in  German)  appearance  of 
artificiat  precipitates  of  the  oxalate  of  lime. 

Even  regular  crj-stals  may  become  tuberose  by  apposition 
of  new  matter.  So  in  tlie  first  deposit  I  found  a  crystal  to 
the  four  pyramidal  sides  of  which  round  masses  were  nppo- 
sited.  When  these  masses  get  larger,  they  form  a  sort  of 
cap  on  each  side  of  the  prism,  which  when  still  larger  makes 
them  much  like  dumb-bells,  with  wliich  indeed  they  are 
identical.  Crossed  dumb-bells  (see  centre  offig.  6,  PI.  V) 
are  large  tuberose  crystals- 

Artificiat  oxalate  of  lime  from  urine. 

Experiment  4. — To  urine,  which  had  just  been  emitted 
Irom  the  bladder,  a  solution  of  oxalate  of  ammonia  was  added. 
In  the  precipitate  a  great  variety  of  crystalline  forms  were 
observed. 

a.  Small  prismatic  crystals,  gradually  rounding  off  into — 

b.  The  ellipsoid  and  dumb-bell  forms,  the  latter  less  pro- 
minent. 

c.  Squarish,  flat  bodies,  with  several  indentures  on  two 
opposite  sides.  They  appear  as  if  formed  by  a  number  of 
ellipsoid  bodies  joined  together  with  their  flat  sides. 

d.  Almost  regular  octahedra,  the  lateral  edges  not  quite 
straight. 

e.  Crossed  prisms  or  crossed  octahedra.  The  types  of  alt 
these  crystals  are  represented  in  fig.  5  of  PI.  V. 

On  standing  in  water  for  some  weeks  the  crystals  seemed 
to  decay,  particularly  on  their  thin  edges,  which  became  much 
corroded.  The  development  of  vegetable  growths  made  the 
formerly  white  precipitate  green  and  dirty  looking. 

Experiment  5. — In  thia  experiment  not  a  single  well- 
defined  octahedron  was  obtained.  The  deposit  consisted  of 
granules  of  different  shapes  and  sizes,  the  largest  not  exceeding 
g-^ggoffLQ  inch  in  their  longest  diameter.  There  was  a  tendency 
to  straight,  square  outlines,  in  some  cross  markings  were  pre- 
sent. The  deposit  polarized  as  usual,  white  light  being  pro- 
duced by  the  ixKlies.  This  urine  was  very  acid,  and  the 
addition  of  the  acid  salt  caused  uric  acid  to  crystallize  in 
well-defined,  lai^e,  four-sided  rhombic  plates,  with  right 
angles,  polarizing  in  dark  colours.  This  is  the  only  instance 
in  which  I  observed  almost  regular  rhombic  plates  of  luic 


Bcid  to  CF3rstallize  out  of  iiriiie,  of  a  size  and  beauty  equal  to 
tliat  of  the  finest  artificially  prepared  uric  acid. 

Exptriment  6. — The  entire  deposit  consisted  of  octahedral 
crystals,  with  their  angles  and  corners  cut  off,  so  as  to  make 
their  outline  to  appear  eight-sided  ;  fig.  4,  PI.  V,  below 
eolourcd  prisms.  Most  of  the  crystals  were  square;  viz., 
their  horizontal  sides  were  equal,  in  some  all  eight  sides 
were  equal,  in  others  the  four  secondary  sides  were  shorter. 
In  few  specimens  only  two  corners  were  cut  off.  Whether 
the  new  plane  was  one  plane,  or  two  forming  an  obtuse  angle, 
1  could  not  ascertain.  In  some  apparently  square  crystals 
there  was  an  octagonal  marking,  corresponding  by  four 
parallel  sides  to  the  original  four  sides  of  the  octahedral  form. 
In  some  it  appeared  as  if  the  crystal  had  been  divided  by  a 
plane  falling  through  the  four  lateral  edges,  and  one  half  had 
been  turned  upon  the  other  half  in  an  angle  of  45°  round  an 
axis  perpendicular  upon  the  plane  just  described,  representing 
a  tropia,  or  turn,  of  the  value  of  one  eighth  of  the  circle.  The 
long  axis  (c)  was  ^=  2,  taking  the  short  one  (A)  as  ^  1.  The 
crystab  were  very  dark,  and  the  cross  was  faintly  illuminated. 

EieperimeiU  7. — The  crystals  obtained  were  long,  crossed 
octahedra.  The  centre  of  the  twins  was  occupied  by  octa- 
hedra  of  the  ordinary  appearance,  and  by  crossed  octahedra 
described  in  the  former  experiment.  Assuming  each  octa- 
hedron to  be  a  twin  by  crossing,  there  were  here  four  or  six 
crystals  arranged  round  one  common  principal  axis,  each 
set  being  turned  round  the  common  axis  in  an  angle  of  30'^, 
so  that  none  of  the  horizontal  axes  of  any  one  twin  crystal 
coincided  with  the  horizontal  axes  of  the  next  one,  but  was 
distant  from  the  secondary  and  ternary  axes  in  the  angle 
described.  Four  crystals  crossing  frequently  formed  eight- 
rayed  stars.  Of  the  four  secondary  rays,  sometimes  only  one, 
two,  or  three  were  present,  giving  the  crystal  an  unsymme- 
trical  appearance.  Mixed  with  these  regtdar  crystals  was  a 
large  proportion  of  roundish  bodies  polarizing  in  colours, 
attempts  at  ellipsoids,  dumb-bells,  and  so  on,  many  of  which 
were  twin  crystals. 

ETperimenl  8.  —  After  the  addition  of  oxalate  of  am- 
monia to  urine  some  caustic  ammonia  was  added,  until 
the  fluid  was  alkaline.  Alter  standing  over-night,  a  sediment 
had  formed,  and  a  thin  crust  was  swimming  on  the  fluid, 
consisting  of  radiated,  zeolitic  bails,  baked  together,  which 
were  of  a  yellowish  colour  and  not  affected  by  acetic  acid. 


85b  oxalate    Ol'    UME. 

They  seem,  tlicn-forc,  to  have  been  uric  acid.  The  » 
was  of  a  filmy  nature,  and  consisted  of  nuroerous  irregular 
prisma  of  aninionio-phosp>iate  of  magnesia,  often  crossed  by 
two  or  three,  and  taking  all  the  fitful  appearances  of  this 
ealt.  Mixed  with  these  were  ortahcdra  of  oxalate  of  lime 
and  other  irregular  polarizing  undclinable  bodies. 

Experiment  9. — In  this  deposit  many  regular  and  irre^ar 
octahedral  crystals  were  present,  many  simple  twins,  double 
twins ;  the  eoniers  soraetiraca  very  little  prominent,  or 
rounded  off:  there  were  small  crossed  prisms.  But  the 
moet  regular  crystals  were  lai^e  simple  prisms,  with  appa- 
rently pyramidal  terminations.  The  prisms,  when  seen  edge- 
ways, were  flat,  about  one  fourth  or  one  fifth  of  their  width 
in  tliickness.  The  dark  ends  on  the  prisms,  when  seen 
edgeways,  corresponded  to  the  planes  terminating  the  plate ; 
but  on  the  large  planes  no  octahedral  planes  were  to  l»e  distin- 
guished, so  that  the  prisms  could  not  be  explained  otherwise 
than  as  being  prismatic  plates,  terminated  by  a  horizontal 
prism. 

Osalaie  of  time  occurring  in  urine  gpontaneously. 

Observation  10, — Urine  of  a  slightly  dyspeptic  man. — I  put 
a  sample  of  nrine,  which  came  acid  and  a  little  cloudy  out  of 
the  bladder,  to  stand  over-night.  After  sixteen  hours  a  dense 
mucous  cloud  had  settled  at  the  bottom  of  the  vessel,  and, 
besides,  a  dense  pink  deposit  of  urate  of  soda  had  settled  all 
over  the  cloud,  and  on  the  sides  of  the  vessel.  The  mucus 
showed  minute  granules  disposed  all  over  its  surface,  distinct 
from  the  urate.  There  were  many  oxalate  of  lime  crystals, 
hut  all  only  fragments  of  oetahedra,  mostly  halves,  and, 
when  Iring  on  their  sides,  showed  the  edge  cut  off  by  a 
prismatic  plane,  which  latter  reflected  fight  when  well 
focusscd.  These  halves  were  most  common.  Tlicn  there 
wore  crrwtals  with  one  edge  n^irular,  one  comer  cut  off 
pandlcl  to  an  octahedral  edge,  or  parallel  to  an  octahedral 
diagonal.  There  were  irregular  conglomerations  of  crvelals 
of  all  shapes  and  sizc^,  from  a  roundish  body  to  a  regular 
hedge h(^- like  mass. 

The  irregular  parts  of  the  crystals  seemed  to  have  been 
those  with  which  they  were  attached  to  their  basis,  which, 
most  likely,  was  the  mucus. 

Caae  ^f  $o-calleH  oTohiria. 

Obseriation    II. ^,V  gentleman,  ihirty-fivc   yean,  of  kgc. 
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during  the  spring  of  1856,  liad  siift'ered  from  boils  on  various 
parts  of  his  bocty,  with  some  eczema  now  and  then  upon  his 
arms.  He  had  taken  the  suljihates  of  iron  and  magnesia, 
which,  though  they  seemed  to  be  borne  badly  by  his  digestive 
organs,  improved  his  skin  and  general  health  so  far  that  the 
boils  disappeared.  About  the  latter  end  of  June,  1856,  he 
became  dyspeptic,  his  tongue  got  covered  with  a  fur,  and 
excoriations  broke  out  along  its  sides,  which  he  ascribed  to 
the  influence  of  the  iron.  His  bowels  became  irregular,  his 
mind  depressed,  his  general  health  impaired.  He  then  re- 
marked a  cloud  in  his  urine  a  few  hours  after  passing  it ;  and, 
on  examination,  the  cloud  eonsisted  of  mucus  with  numerous 
octahedra  of  the  oxalate  of  lime. 

When  he  presented  himself  to  me,  he  suffered  from  all  the 
subjective  symptoms  described  as  characteristic  of  osaluria. 
On  inquiry,  I  found  that  he  had  read  the  description  of  that 
disease  in  Dr.  Bird's  work  on  '  Urinary  Deposits,'  at  Mr,  Pil- 
lischer's  Microscope  Rooms,  which  he  used  to  Crequeut  as  on 
amateur  of  the  microscope. 

On  August  21st,  I  examined  the  urine  from  twenty-four 
hours.  It  was  yellow,  acid,  and  quite  normal.  The  cloud 
at  the  bottom  contained  many  octahedra  imbedded  in  the 
mucus,  in  which  a  great  number  of  thread-like  vihriones  were 
moving  about,  particularly  at  the  borders  of  the  mucous 
masses,  where  the  medium  was  more  dilute,  and  therefore 
seemed  to  allow  of  their  more  free  movements.  They  seemed 
to  have  a  connection  with  begimiing  decomposition  of  the 

Averagelengthof  sides  of  octahedra^  j/ooof  an  inch.  (See 
PI.  11,  fig,  4,  crystals  on  the  upper  left.) 

Experimmtt  12. — A  part  of  tlie  urine  from  the  foregoing 
case  was  filtered,  and  some  oxalate  of  ammonia  added  to  it. 
The  deposit  obtained  after  six  hours'  standing  was  made  up 
of  octagonal  crystals.  They  were  more  or  less  n^ular,  be- 
came irregular  with  rough  edges  and  rough  surfaces,  and 
then  baked  together  in  irregular  rough  masses.  Mixed  with 
those  octahedral  and  irregular  crystals  were  numerous  prisms, 
some  with  double  outlines,  some  very  thin,  and  others  very 
short.  These  prisms  were  very  much  like  those  in  the  first 
experiment  with  chloride  of  calcium.  The  whole  deposit 
[xtlarized  in  even  so  weak  a  light  as  that  of  a  composite 
candle  reflected  from  the  mirror  of  the  microscope,  and,  as 
usual,  the  more  regular  a  crystal  was,  the  less  did  it  polarize. 
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Oxalate  of  Ihnt  in  decomposing  urine. 

Observation  13. — A  eample  of  ordinary  yellow,  acid  urine, 
from  a  man  enjoying  average  liealtli,  was  put  in  au  open 
beaker,  aud  allowed  to  stand  in  my  laboratory  during  six 
days  of  cool  August  weather.  After  the  lapse  of  that  time 
the  cloud,  which  had  settled  ou  the  day  after  it  waa  passed, 
aud  had  not  been  microacopieatly  examined,  had  increased 
iu  density;  and  the  urine  had  become  turbid,  and  covered  with 
a  skim,  in  which  there  were  some  vegetable  growths  per- 
ce])tible. 

The  sediment,  which  was  pulverulent,  after  being  shaken, 
always  settled  quickly  to  the  bottom  of  the  beaker.  It  con- 
eiated  of  octahedra  of  the  oialatc  of  lime,  of  very  small 
dimensions  indeed,  eo  that  their  true  outline  was  only  dis- 
tinctly riaihle  when  perfectly  in  focus.  Mised  with  the 
octahedral  forms  were  irregiUar  small  prisms,  and  few  crossed 
prisms.  The  crystals  frequently  appeared  as  if  one  side  or 
edge  had  been  eaten  out,  or  had  not  been  perfectly  formed. 
Others  were  roundish,  and  corresponded  to  the  lumpy  masses 
of  pure  artificial  oxalate.  Some  small  eltipsoidnl  bodies  were 
present,  Very  minute  aniaialrulte,  or  monads,  were  in  con- 
stant motion  through  the  Huid,  aud  appeared  as  gray,  dark 
points. 

On  seeing  the  oxalate  sitting  firmly  ou  the  particles  of 
mucus,  as  if  it  had  been  formed  out  of  them,  and  seeing 
only  the  free  sides  (planes,  angles,  and  edges)  perfectly 
developed,  the  other  portions  turned  towanis  the  mucus 
however  always  irregular,  1  could  not  help  thinking  that  the 
mucus  might  have  a  share  in  the  production  of  the  oxalate. 

Crystalu  of  Oxalate  of  Lime  from  Urinary  Calculi. 

Though  the  greater  proportion  of  the  oxalate  of  lime 
calculi  have  an  amorphous  or  only  crystalline  texture,  there 
arc  some  not  very  rare  specimens,  which  on  their  surface  are 
covered  with  the  most  perfect  crystals.  Mr.  Quekett  kindly 
afforded  me  an  opjiortunity  of  closely  examining  several 
such  calculi  contained  in  the  museum  of  the  Eoyal  College 
of  Surgeons. 

C.  34-  Presented  by  Mr.  Ijuke.  A  reddish  brown  calculus, 
is  covered  with  white  glistening  crystals.  They  are  octahedra, 
the  principal  axis  of  which  is  not  much  shorter  than  the  two 
horizontal  ones.  The  principal  axis  of  the  crystals  averages  in 
length  from  about  one  fortieth  of  an  inch  to  one  eightieth  of 
an  inch. 

C.  35.    Presented  by  Mr.  Luke.      In  this  specimen  the 
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grcetiiah  octahedra  are  very  flat,  bo  that  tlie  priDc^ipal  axis  is 
not  longer  than  about  one  third  of  one  of  the  necondary  axes. 
The  sides  of  the  longest  crystals  measured  one  eighth  of  an 
inch.  They  are  so  arranged  on  the  surface  of  the  calculus 
as  to  present  their  later^  edges,  the  bodies  of  the  crystals 
being  buried  in  the  calculus. 

C.  1,  Presented  by  Sir  E.  Home.  This  spherical  calculus 
consists  throughout  of  crystallised  o:ialatc  of  lime.  The 
crystals  are  sinaUcr,  and  some  octahedra  present  appearances 
as  if  their  substance  had  been  arranged  in  layers  Dorizontal 
to  the  principal  axis.  Here  and  there  the  crystals  are 
flattened  in  the  direction  of  the  principal  axis,  and  present 
the  appearance  of  square  plates,  sharpened  at  each  of  the 
four  sides  by  two  octahedral  planes. 

Osalate  of  lime  from  plants  and  animals  coincides  in  its 
crystallographical  characters  with  the  specimens  described  in 
the  foregoing.  All  varieties  of  crystals  which  1  have  as  yet  met 
with  may  be  brought  under  one  of  the  following  forms  : 

Quadratic  octahedron. — Primary  axis  always  shorter  than 
secondary  axes. 

Crossed  octahedra,  or  tropias,  imitating  the  appearance  of 
crossed  octahedra. 

Quadratic  octahedron  and  frrwrn  combined. — ^The  same 
combination,  to  which  a  second  prism  is  added. 

Crossed  prisms. 

Triple  twins,  with  tropia. 

Modifications  of  crossed  octahedra  by  a  secondary  twin 
tropia,  affecting  the  points  of  the  octahedra. 

Contortions  and  anomalies. — Dumb-bells,  being  prisms 
with  apposition  of  irregular  matter  to  both  octahedral  ends, 
the  prismatic  sides  frequently  to  be  distinguished. 

Polarization  of  Oxalate  of  LAme. 

I  have  already  remarked  that  pure  oxalate  of  lime  can 
readily  be  ascertained  to  possess  the  power  of  polarising 
light.  But  the  ordinary  oxalate  of  lime,  the  octahedra, 
have  a  very  faint  polarizing  power,  which  can  only  be  brought 
out  fiilly  by  reflecting  a  ray  of  the  sun  through  the  crystal 
lying  between  the  two  Nichol  prisms,  and  excluding  from 
the  eye  every  other  light  but  that  coming  from  the  crystal 
in  the  microscope.  In  PI.  V,  at  the  bottom  of  fig.  4,  I  have 
represented  a  large  crystal,  as  it  appeared  in  polarized  light. 
The  reader  has  only  to  supply  by  his  ima^uation  a  bluisb- 
binck  field  round  the  crystals  iu  order  to  complete  appear- 
ances.    The  figure  at  the  right-haud  side  represents  the  large 
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crystal  seeu  edgeways,  The  explanation  of  the  &ct  ^ist 
the  ordinary  octahedra  polarize  very  faintly  eeeiUB  to  be  that, 
as  they  are  very  flat,  their  priticiprd  axis  la  mostly  staiidiiij; 
almost  perpendicular.  Now  as  a  crystal  ptJarizes  the  less, 
the  more  parallel  with  its  principal  axis  are  the  rays  of 
polarized  light  passing  through  it,  it  is  probable  that  the 
octahedra  polarize  ouly  little  because  the  polarized  light 
passiug  tlirough  them  is  almost  parallel  to  their  principal 
axis.  This  may  he  oue  reason,  though  no  doubt  others  c(v 
operate  in  obscuring  the  polarization  of  light  by  these 
crystals  when  ordinarily  illuminated. 

It  is  now  clear  that  there  is  no  optical  reason  for  assuming 
octahedra  and  dumb-bells  to  be  made  up  of  different  mate- 
rials. And  as  there  is  not  a  shadow  of  chemical  evidence  for 
the  supposition  that  the  dumb-hellH  consist  of  oxaluratc  of 
lime,  they  must  for  the  present  continue  to  be  ranged 
under  the  oxalate,  with  which,  indeed,  Dr.  G.  Bird  proved 
them  to  be  identical  by  the  five  experiments  intended  to 
show  that  they  were  oxalurate  of  lime. 

Mode  of  determining  the  quanfify  oj  Oxalic  acid  in  Urine. 

Oxalic  acid,  whieli  may  be  present  in  the  urine  in  a  free 
state,  is  transformed  iuto  a  precipitate,  by  first  adding  to 
the  urine,  previously  neutralized  by  ammonia,  some  acetic 
acid,  and  then  a  salt  of  lime,  for  example  chloride  of  calcium. 
The  precipitate,  after  several  hours'  or  days'  standing,  is  sepa- 
rated by  decantation  and  filtration.  The  oxalate  of  liine 
thus  obtained  may  be  transformed  into  the  sulphate  in  the 
manner  described  at  p.  199,  or  it  may  be  analysed  by  Hempel'a 
method,  given  at  p.  200. 

Pathological  indicationt. 

The  presence  of  oxalic  acid  or  any  of  it»  vompoundu  in  urine 
inay  indicate  that  oxalic  acid  or  any  of  its  compounds  has 
been  inlroditced  into  the  stomach,  as  an  ingredient  of  food,  as 
a  medicine,  or  as  a  poison.  Though  Wuhler  had  long  ago 
proved  that  oxalic  acid,  when  taken  into  the  stomach,  might 
reappear  in  the  urine,  Schmidt  and  Lehmann'  both  denied 
that  such  was  the  case.  As  their  doubts  could  not  be  allowed 
to  supersede  the  proofe  of  Wiihler,  Buchheim^  repeated  the 
experiments  of  the  latter  chemist,  and  had  the  satisfaction 
of  obtaining  their  confirmation  in  every  instance. 
'  ■  Phjiiol.  Clieni..' CavBnd.  Edit.,  i.  "p.  45. 
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In  the  following  I  have  giveii  the  original  experiment  of 
Wohler,  and  the  extensive  analyses  of  Piotrowsky  and  Buch- 
heim,  as  illiistrations  of  the  mauaer  in  which  researches  on 
this  and  other  subjects  should  he  conducted. 

Wohler  made  a  middle-sized  dog  eat  two  draehmw 
of  powdered  oxalic  acid  mixed  with  meat  and  bread.  After 
the  dog  had  been  killed  eight  hours  later,  there  were  found 
three  ounces  of  urine  in  the  bladder,  which  did  not  apiicar 
to  be  more  acid  than  usual.  On  the  urine  becoming  cool, 
there  was  deposited  a  considerable  quantity  of  a  white  powder, 
consisting  of  small  crystals  very  much  like  triple  phosphate. 
On  mixing  the  decanted  clear  urine  with  a  solutitin  of  nitrate 
of  lime,  another  precipitate  of  a  similar  description,  and  in 
the  same  quantity ,as  the  first  spontaneous  one,  was  obtained. 
Both  precipitates  on  examination  were  proved  to  be  pure 
oxalate  of  lime.  Tliey  transformed  into  carbonate  of  lime 
mixed  with  some  charcoal,  on  exposure  to  red  heat,  did  not 
evolve  any  ammonia  by  heat  or  fusion  with  potash,  were 
quietly  soluble  in  nitric  acid,  and  again  precipitated  in  a 
crystalline  state  by  ammonia,  When  heated  with  a  solution 
of  carbonate  of  ammonia,  carbonate  of  lime  was  formed, 
and  the  filtrate  on  evaporation  yielded  a  crystallise  salt, 
having  all  the  properties  of  oxalate  of  ammonia,  Besides 
these  ingredients,  the  urine  contained  a  considerable  quantity 
of  albumen.  The  precipitate  obtained  by  nitrate  of  lime 
most  probably  contained  some  phosphate  of  lime. 

Piotrowsky,  under  Buchheim's  dii'ections,  has  repeated 
these  experiments  upon  himself.  In  order  to  ascertain  the 
degree  of  accuracy  with  which  oxalic  acid  in  urine  could  be 
determinetl  quantitatively,  the  urine  of  twenty-four  houi-s, 
amounting  to  987*8  grammes,  was  mixed  with  a  solution  of 
I'O  gramme  of  crystallized  oxalic  acid,  which  had  before 
been  neutralized  by  ammonia.  The  mixture  was  evaporated 
to  one  sixth  of  its  original  bulk,  strongly  acidulated  with 
acetic  acid  to  keep  phosphates  in  solution,  and  then  had 
some  chloride  of  calcium  mixed  with  it.  The  precipitate,  after 
standing  for  several  days,  was  collected  on  a  filter,  pressed 
between  bibulous  paper,  and  dissolved  in  hydrochloric  acid ; 
from  the  solution  uric  acid  was  removed  by  filtration ;  the 
filtrate  was  neutralized  with  ammonia,  and  again  acidulated 
with  acetic  acid.  The  oxalate  of  lime  thus  obtaiued  after 
filtration  aud  drj'ing,  at  a  temperature  of  120^  C.  (248°  F.), 
amounted  to  1  087  grammes,  corresponding  tu  0"931  grammes 
of  crystallized  oxalic  acid.  The  same  proceeding  was 
adopted  in  the  following  experiments  ; 
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A.  Frte  oxalic  acid. — I.  Five  grammea  of  crystallized  oxalie 
acid.iu  doses  of  1  gramme  each,  were  taken  in  the  course  of  live 
hours,  and  tlie  uriue  was  collected  duriiig  twenty-four  hours 
from  the  beginning  of  the  experiment.  It  was  very  turbid 
after  a  few  hours.  When  filtered  it  did  yet  contain  some 
salts  of  lime,  showing  that  all  the  lime  was  not  cotuhiocd 
with  oxalic  acid.  The  total  quantity  from  the  twenty-four 
hours  was  1588'5  grammes,  and  yielded  0418  grammes  of 
anhydrous  oxalate  of  lime,  corresponding  to  Oil  1 5  grammes  of 
crystallized  oxalic  acid,  being  8'23  per  cent,  of  the  quantity 
taken. 

II.  Seven  grammes  of  osalic  acid  were  taken  in  the  course 
of  six  hours.  The  thick,  neutral  urine,  whose  quantity  was 
14434  grammes,  contained  the  oxalate  of  lime  almost  exclu- 
sively in  the  shape  of  dumb-bells.  After  it  had  been  eva- 
porated, acidified,  and  left  standing  for  several  days,  the 
filtrate  gave  no  evidence  of  the  presence  of  lime,  but  the 
addition  of  chloride  of  calcium  produced  a  fresh  precipitate. 
The  first  precipitate,  free  from  water,  amounted  to  0~35 
grammes,  the  second  to  0241  grammes,  together  correspond- 
ing to  0961  grammes  of  crystallized  oxalic  acid,  being 
1372  per  cent,  of  the  quantity  taken. 

III.  Seven  grammes  of  oxalic  acid  were  taken,  as  in  Exp. 
II.  The  urine  amounted  to  1380-2  grammes ;  the  first  pre- 
cipitate to  0'766  grammes,  the  second  to  0137  grammes, 
together  corresponding  to  0'909  grammes  crystallized  osalic 
acid,  or  1298  per  cent,  of  the  quantity  taken. 

IV.  Eight  grammes  of  oxaUc  acid  were  taken  in  the 
course  of  several  hours.  The  quantity  of  the  acid  turbid 
urine  was  1.513  grammes i  that  of  the  first  precipitate  0878 
grammes ;  that  of  the  second  0302  grammes,  corresponding 
to  1'162  grammes  of  oxalie  acid,  or  14o2  per  cent,  of  the 
quantity  ingested. 

B.  Oxalate  of  soda. — V.  Seven  grammes  of  oxalie  acid 
were  neutralized  with  carbonate  of  soda,  and  the  solution 
was  evaporated  to  dryness.  The  salt  thus  obtained  was 
taken  in  six  doses  in  the  course  of  several  hours.  The  quan- 
tity of  acid  turbid  urine  voided  in  the  subsequent  twenty- 
four  hours  was  1G786  grammes.  The  spontaneous  precipi- 
tate amounted  to  0'759 ;  the  second,  artificially  produced  one 
to  0-296  grammes,  corresponding  to  1039  grammes  of 
crystallized  oxalic  acid,  equal  to  1484  per  cent,  of  the  quan- 
tity taken. 

c.  Acid  oralale  or  hinoittlute  of  soda. — VI.  Four  grammes 
of  oxalic  acid  were  neutralized  with  carbonate  of  soda.    To  the 
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Bolntinn  four  grammes  of  oxalic  acid  ivere  added,  and  the 
fluid  evaporated  to  drj-ncBs.  llic  reaidur  was  taken  in 
several  doses.  It  created  considerable  thirstj  and  the  quan- 
tity of  urine  rose  in  proportion  to  the  amoiuit  of  water 
dnink,  to  2976-3  grammes.  The  first  precipitate  weighed 
0883  graniniea,  the  second  032 !■  grammes,  together  corre- 
sponding to  1'188  grammes  of  crystallized  oxalic  acid,  being 
1  i85  per  cent,  of  that  taken. 

D.  Oxalate  of  lime. — VII.  Seven  grammes  ofoialic  acid  were 
neutralized  with  ammonia,  and  precipitated  with  chloride  of 
calcium.  The  dried  precipitate  was  taken  by  an  individual 
who  had  not  served  for  any  experiments  with  oxalic  acid. 
The  urine  amounted  to  1215-1  grammes,  was  acid,  somewhat 
turbid,  aud  made  only  a  slight  deposit,  which,  under  the 
microscope,  consisted  of  crystals  of  oxalate  of  lime,  and 
amounted  to  0'105  grammes, corresponding  to  0'1034  grammes 
of  oxalic  acid,  being  1-177  per  cent,  of  the  amoujit  ingested. 
The  urine  did  yet  contain  some  lime  in  solution.  In  the 
normal  urine  of  the  same  person,  which  was  collected  a  few 
days  afterwards,  and  amounted  to  126J4  grammes,  no  ap- 
preciable quantity  of  oxalate  of  lime  could  be  detected. 

VIII.  A  second  experiment  waa  made  with  another  indi- 
vidual, whose  urine  under  the  microscope  esliibited  a  few 
scattered  crystals  of  oxalate  of  lime,  which  could,  however, 
not  he  determined  by  weight;  seven  grammes  of  oxalic  acid, 
in  the  form  of  oxalate  of  lime,  were  taken.  The  urine  was 
more  turbid  than  in  the  former  experiment,  and  yielded 
O'llS  grammes  of  oxalate  of  lime,  corresponding  to  O'llGJJ 
grammes  of  crystallized  oxalic  acid,  or  1659  per  cent. 

The  specimens  of  oxalate  obtained  in  the  last  two  cases 
were  each  exposed  to  red  heat,  dissolved  in  dilute  hydro- 
chloric acid,  and  treated  with  some  chloride  of  barium.  In 
both  an  insignificant  turbidity  ensued,  so  that  they  could 
have  contained  only  very  small  quantities  of  gypsum. 

The  experiments  show  that  large  quantities  of  oxalic  acid 
may  be  taken  witli  impunity  if  taken  in  hourly,  or  otherwise 
divided,  doses.  They  do  not  militate  against  the  fact  that 
oxalic  acid,  taken  in  doses  of  half  a  drachm  to  one  or  two 
drachms  at  a  time,  is  a  deadly  poison.  They  also  prove  that  a 
part  of  the  oxalic  acid  in  any  form,  taken  in  larger  and  repeated 
doses,  makes  its  reappearance  in  the  urine,  partly  as  oxalate 
of  lime,  partly  as  a  soluble  oxalate ;  but  the  larger  proportion 
of  the  oxalic  acid  taken  disappears  in  the  system,  without 
appearing  in  the  urine  as  carbonate,  in  cases  where  the  acid 
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or  neutral  salt  baa  been  taken.  The  quantity  of  oxalic  and 
|)asi^iiig  into  the  urine  is  not  different,  if  o\abc  acid  \x  taken 
as  Bucb,  or  in  eombinatioii  with  alkalies.  But  if  taken  in 
combination  with  lime,  only  a  small  per  centage  of  the  oxalic 
acid  reappears  in  the  uriTie,  because  the  greater  part  of  the 
oxalate  of  lime  parses  unchanged  tlirough  the  intestines,  and 
is  discharged  witli  the  fteces,  as  was  proved  by  Magawley  and 
Buehbeim'  in  two  experiments.  In  two  experiments  with 
oxalate  of  magnesia,  this  salt  seemed  to  be  decomposed  in 
the  intestinal  canal  in  larger  quantity  than  the  lime  salt. 
The  quantity  of  lime  in  the  urine  after  ingestion  into  the 
stomach  of  oxalic  acid,  or  its  salts,  is  neither  increased  nor 
diminished. 

The  following  table  perspicuously  exhibits  the  results  of 
the  above  obs^>vations : 
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The  pretence  in  the  urivf  of  any  ronsiderahle  tjuanttty  of 
oxalic  acid,  in  any  form,  for  a  longer  period  of  iime,  during 
which  the  ingestion  of  oxalic  add,  itt  any  form,  into  the  ttomach 
was  excluded,  indicates  the  existence  of  a  disorder,  the  nature 
of  which  is,  at  present,  entirely  unknown.  This  disorder,  to 
which  the  names  of  oxalic  acid  diathesis  and  oxaluria  have 
been  applied  by  systematic  ontologists,  has  a  great  tendency 
to  the  production  of  oxalate  of  lime  concretions  in  the 
urinary  passages.  It  is  not  asrertaiiieJ  whether  the  oxalic 
acid  in  these  eases  is  formed  in  the  circulation,  or  only  in  the 
urinary  passages,  by  a  peculiar  kind  of  fermentation  of  some 
normal  or  ahnormal  ingredient  of  the  urine. 
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Oxalate  of  lime  i»  frequently  found,  in  not  very  »maU 
amounts,  in  the  urine  of  patients  recovering  from  severe  dis- 
eases} Thus,  Kletzdnsky''  examined  the  first  urine,  after  the 
attack,  of  three  cholera  patieuts,  and  every  specimen  con- 
tained oxalate  of  lime.  Its  quantity  was  ascertained  by 
collecting  the  deposit  of  oxalate  and  any  precipitate  produced 
by  a  lime-aalt  on  a  filter,  and,  after  washing,  dissoKing  it  in 
hydrochloric  acid.  To  the  solution  chloride  of  gold  was 
added,  and  the  mixture  lioiled,  until  no  further  reduction 
took  place.  Prom  the  weight  of  the  brownish-\'ioIet,  dicroic 
precipitate  of  metallic  gold,  the  quantity  of  oxalic  acid  pre- 
sent in  solution  was  calculated  upon  the  basis  of  31Au  = 
30(CjO3  +  HO). 

The  first  urine  of  the  first  patient  measured  457  cub,  cent., 
and  contained  278  milligrammeB,  or  06  per  mille,  of 
oxalic  acid. 

The  first  urine  of  the  second  patient  measured  IfiO  cub. 
cent.,  and  yielded  58  milligrammes  of  oxalic  acid,  or  O'lS.I 
per  mille.  Thirteen  ounces  of  urine  contained  three  quartera 
of  a  grain  of  oxalic  acid. 

The  first  urine  of  the  third  patient,  J63  cub.  cent.,  yielded 
1 1 7  milligrammes,  or  0-25  per  mille,  of  oxalic  acid, 
Thirteen  ounces  contained  a  grain  and  a  half  of  the  acid. 

The  presence  in  vrine  of  such  small  microscopical  traces  of 
oxalate  of  linte,  that  their  tpiantity  cannot  be  estimated  by 
quantitative  analysis,  is  of  Tto  practical  or  pathological  im- 
portance. The  question  after  their  origin  is  one  of  the 
greatest  difficulty  and  the  smallest  use,  and  therefore  I  do 
not  propose  here  to  discuss  it. 

The  presence  of  oxalate  of  lime  in  the  urine  may  indicate 
disease  of  the  kidney,  with  which  it  is  not  rarely  associated. 
The  relations  between  the  oxalate  and  the  kidney  disease 
are,  however,  most  uncertain.  For,  whereas  the  experiment 
of  Wiihler  shows  that  large  quantities  of  oxalic  aeid  passing 
tlie  kidneys  may  so  irritate  them  aa  to  produce  the  appearance 
of  albumen  in  the  excretion,  it  is  not  unreasonable  to  thuik 
that,  in  some  cases  of  disease  or  poisoning,  a  similar  relation 
might  exist.  But  these  investigations  are  aurrouuded  with 
many  difficulties,  which  make  speculation  more  than  ordi- 
narily dangerous. 

The  following  case  is  one  in  which  considerable  quantities 
of  oxalate  of  lime  were  present  in  albuminous  lu-ine  of  a 
patient,  who  succumbed  to  disease  of  the  kidneys. 
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the  trealiuKiit  of  Dr.  S:iiitrs,  and  iniproTcd  coTiBid(^r«1i)r,     llcr  illneit  ih«  dates 
rrom  the  lime  of  her  l<iit  conGnemBnC,  which  was  ver;  aeTlre,  and  eautrd  pro- 
About  til  weeLs  ago,  the  urine  lieciiae  turhid,  and  >he  gnt  rerjr 
lin  -,  her  feel  awelled.  liet  >ioAj  emapiatcd,  and  the  emaciation  wm 
latent  a>  ahe  wu  pregnant  In  the  liith  niantb.    She  had  an  abueaa 
at  the  oulei  aide  of  the  middle  of  her  leR  lliigh. 

Her  tnngiie  wu  very  foul,  covered  with  ■  thick,  vbile  fur.  and  velloKiah-brovrn 
in  the  middle.  She  had  Ultle  appelile.and  could  not  fancy  anything.  Her  bowaU 
were  rejjiilar.  She  wai  Tcrv  thiji  indeed  ;  abdomen  very  prominent ;  her  feet  were 
(xceuively  iwollen,  particularly  90  over  the  iiiatep.  The  orine  «u  turbid  an 
nuking,  and  became  Kill  more  w  on  tUnding.  She  uid  it  via  dark,  and  like 
hlood  umetimei.    The  abiceia  diieharged  a  thin  pui. 

Urine  of  May  lath. — Loaded  with  the  urate  of  ammania.  Reaction  decidedly 
acid.  Specific  gravity,  it  ihe  temperatBrc  of  (he  body,  1017.  It  did  not  hecoine 
clear,  hut  made  a  sedimenl,  which  became  more  Bppircut,  snd  luhiided  more 
readily  to  Ihe  holtom  when  Ihe  urine  wai  mixed  with  twice  iti  hulk  of  wum 
water,  and  allowed  loatind  in  warm  water.  The  deposit,  when  cumined  under 
n  power  of  400  dtametera,  conrialed  of  an  immenae  numlicr  nf  imall  cnrstali  of 
oclaheilral  oxalate  of  lime,  with  which  there  wa>  ■  certain  proportion  of  amkll 
and  large  dumli-hclt-ahBiied  cryitah  or  hoilirs  mixed  up.  Bpilhelial  icoln  and 
granular  csiti  of  the  tubulci  of  Ihe  kidni'n  wa-e  iiretent  in  niimliea.  (See 
Plate  V,  fig.  6.) 

A  part  of  the  urine  wni  then  filtered  and  watmed,  vrheieupon  it  became  per- 
fectly clear.  On  being  now  heated,  il  became  ihgbtly  lurhiil,  and  on  the  ulili- 
tinn  of  a  few  dropi  of  nitric  sod,  the  fluid  became  of  a  dark  eolour.  and  Ibe 
luibidilj  utuiiied  Ihe  appearance  of  flakea. 

n  Miat.  Fei-ri  c.  Quinin,,  ter  die. 
She  itJitei  the  q'laniily  of  urine  to  have  been  very  imill  a  few  weeka  igo,  only 
one  or  two  taiilu-Bpoouruls  htiing  been  puaed  al  a  time,  and  that  not  vary 
frequently. 

May  19ih. — Iwutummoned  Ihii  morning  to  thepiiient,  who  during  the  iiighi 
had  been  nltacked  by  lickneai  and  vomiling  I  foand  her  perfectly  proitrate. 
cniuched  up  in  her  bed,  Ihrowiog  her  clathea  ibout  in  a  retileu  manner.  She 
eomplaiited  of  pain  at  the  back  of  her  head  and  neck,  of  pain  in  her  ilomach, 
and  particularly  Peroia  her  loins.  She  wai  incoherent  in  her  repliet,  gruping 
the  hand  which  was  approached  to  feel  her  pulse.  The  latter  wai  esceuively 
weak,  reapiraliun  frequent,  evidently  blood- hunger,  112.,  there  wan  more  lir  in 
the  lungs  than  the  heart  could  drive  blood  into  Ibem  to  absorb.  The  vomiting 
had  been  very  seiere,  and  Ihe  retching  had  continued  for  screral  hours  from  two 
o'clock  lail  night.     1  aaw  the  colour  of  bile  on  her  niglit-govrn. 

In  Ihe  ifternoon  she  had  got  worie,  being  appareolly  unconscioui,  and  only 
at  interrals  recogoiiing  her  relatives.  Her  limhs  were  in  a  eonatant  apaamodic 
action,  like  aevere  fidgets,  and  the  levuores  tngulnrum  oris  were  in  thai  pecnlitT 
spasmodic  action,  which  constitulea  a  feature  of  the  latdouic  grin,  or  of  incipient 
telauui.      Pulie  weak,  iirrrgular;  extremities  Cold. 

She  hud  twice  made  water  that  day.     Both  specimens  inteniely  acid,  con- 
tained ibimdince  of  ocishedra  and  dumb-bell  cryitali,  casts,  and  albumen- 
She  died  in  llie  evening. 

Pott-morltm  rs'aminafiini.May  SOth.afteniDon.— I  waaasiisted  by  Mr,  J,  Paul, 
the  resident  medical  officer  of  the  St.  Pincras  Royal  General  Diapenaary.  The 
eniaeiatian  of  the  body  was  extreme,  a  skeleton  covered  with  psiehmenl.  AV 
domen  very  prominent ;  dry  sore  at  the  outer  aide  nf  the  middle  of  left  thigh  ; 
feel  •omewhat  osdematous.  particularly  over  intlep.     Slight  rigor  mortis. 

The  perica'dimn.  which  eontnined  some  lerum,  was  ihen  opened.  All  Ihe 
blooil.vciiEls  going  from  or  to  the  heart  were  then  lignlurcd  iwice.  The  heart 
was  then  removed,  and  both  sideswipe  emptied  nf  their  contenU  m  luch  ■ 
manner  as  to  keep  venous  and  urtctial  blood  leparale.  Both  were  fluid,  and  of 
u   dark   crimson-lake    colour.     Then-  were  some  fibriuo'ii  coagula  in  Ibe  cavilie* 
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of  llie  heirt,  having  the  B))peaiiince  anil  colour  of  the  yeltov  fstor  hot  rout-ljeef. 
The  heart  itself  wu  eiceMivetj  thin  and  dalibj,  brawn Ub-red.  and  tlic  liuue  in 
a  aort  of  broken-up  condition,  a  degeneration  in  which  the  moHMilir  filirci  divide 
into  the  clemenlary  fibrils,  which  appear  at  the  broken  enil  of  a  fibre  like  the 
hair  on  the  end  or  a  painting  brii^h.  There  was  uime  fatty  and  torae  other 
graaular  matler,  beiides  numerous  nuclei  deposited  in  the  iiilutance  uf  the 
Sbrei;  the  heart  wai  very  tearable.  The  lung*  were  tben  taken  out,  after  the 
blood  front  their  veins  ami  (hat  from  the  upper  cava  had  Ireen  colleeted  aepa- 
ratelv,  being  taken  with  ipoona  out  of  the  pBricardiuni.  This  too  m»»  very  ihiii, 
and  perfectly  fluid.  The  lungs  appeared  sound  in  itruelure.  with  the  etception 
of  a  few  hard  nodes  on  the  tops,  particularly  the  left  top,  which  appeared  like 
contracted  uan  of  healed. up  cavities.  Some  few  small  tubercle*  were  preient. 
With  these  e:(ceplionS|  Ihe  lungs  themselves  were  sound  in  structure  {  but  they 
adhered  to  the  thorax.  The  thoracic  aorta  wai  somewhat  filled  with  fluid 
blood. 

The  itomacb  contained  some  medicine,  port  vine,  and  mucous  matter;  iba 
smalt  and  large  intestines  presented  nothing  peculiar.  The  liver  was  large,  and 
showed  (igns  of  hepatic  venous  congestion  (nntmeg  liver}.  It  wu  taken  out 
with  all  its  vessels  ligatured,  to  retain  the  blood  in  Ihe  organ.  The  spleen  and  pan- 
creas  thawed  nothing  particular.  The  kidoeys  were  of  ordinary  size,  perhaps,  a 
little  thicker  than  usual.  In  the  pelvis,  they  contained  a  imeary  mut,  covering 
the  pyramids  and  lining,  consisting  of  tubular  epithelium  and  casts,  fatly  matter, 
and  softened  cpitbelium  of  the  calyces.  But  no  trace  ofoialate  of  lime  crystal", 
either  in  dumb-bells  or  octalicflra.  could  be  discoiered.  On  a  section  of  the 
kidneys  being  mide,  they  exhibited  several  of  their  pyramids  in  fatty  degenc. 
ration  and  atrophy,  an  appearance  which  vras  vrrilled  by  the  microscope.  The 
tubular  epithelium  was  fatty.  The  Malpigliiau  carpusclet  were  normal  in  size 
and  condition,  and  their  numbers  did  not  seem  to  be  dtiiiinished,  except, 
perhaps,  over  the  llbraus  parts,  where  they  cuuld  nut  be  detected. 

The  womb  contained  a  fntus  of  four  months.  Same  of  the  liquor  imnii  was 
collected,  as  also  some  of  the  blood  of  Ihe  ficlus. 

n  the  bladder,  of  which  also  there  hod  been  no  symptoms 


durii 


[life. 


The  blooil  showed  a  degree  of  leukocyihotis,  a  large  excess  of  white  hlood- 
cnipusde*  being  present.  After  two  days'  standing  in  (he  corked  bottles 
it  coagulated,  and  permitted  Ihe  clear  seram  to  be  decanted  from  the  cake. 
This  fact  deserves  atteutiun,  for  Ihe  cases  in  which  lluid  blood  is  found  in  \.\i6 
great  vessels  (heart  included)  not  being  rare,  and  there  being  frequently  no 
opportunity  for  letting  a  sample  of  the  blood  stand  for  ■  day  or  two,  in  order  to 
test  it  upon  i<*  coagulability,  the  blood  may  easily  he  put  down  a*  absolutely 
not  coagulable,  whde  the  coagulation  is  only  delayed  by  the  peculiar  eonitition 
of  the  fluid,  ^d  takes  place  much  ss  usual,  only  after  a  certain  lapse  of  licne. 

The  decanted  lemm  was  dried  in  the  witer-bilh.  and  preserved  in  a  well- 
corked  buttle  for  future  examination.  Another  quantity  of  blood,  that  contained 
in  tlie  ascending  cava,  the  hepatic  veins,  and  the  portal  vein,  was  mixed  with 
water  before  it  had  time  to  coaguUtte ;  this  contained  flhrine.  serum,  and  blood- 
corpuscles  in  solu^on.    This  was  immediately  subjected  to  chemical  analysis. 

The  bile,  gtll-bladder,  or  its  mucus  and  mucous  membrane  showed  no  traces 
of  oxalate  crystals,  even  titer  several  days'  standing,  and  repeated  examinations. 

There  were  no  crystals  in  the  liquor  aninii,  nor  in  Ihe  mucus  from  the  siirfiure 
of  tbe  child,  the  inner  surface  of  the  womb,  nor  in  Ibe  meconium,  which  had 
passed  into  the  liquor  amnii.  In  short,  in  no  part  of  the  body  (bladder  un- 
examined) were  any  crystals  detected.  I  was  induced  to  this  examination  by  u 
Btatemeot  of  C-  Schmidt,  who  found  the  oxalate  octahedra  in  Ihe  wumb  and 
gall-bladder  of  certain  cnses. 

The  analysis  of  the  blood,  which  was  condurled  with  great  care,  and  which  it 
would  serve  no  purpose  here  to  detail,  yteUerf  na  tvidenee  tjf  the  prfmc*  of 
a  ralic  acid, 

•i* 
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Comcrelunu  iif  Otataie  tf  lime. 

Sand  and  gratxl. — SmaD  concretiona  of  oxalate  of  time  of 
the  sise  of  uiic  acid  sand  (tee  p.  110),  are  rarely,  if  ever  met 
with.  Bnt  there  is  a  raxietT  of  oxalate  of  lime  concretiocwj 
of  small  sise,  pale  colour,  aiid  einooth  surface,  and  usually 
containing  some  urate  of  aoda.  Tber  are  most  frequently 
found  in  the  calyces  of  the  kidoeyB,  aiul  bein^  many  in  ntun- 
ber  thCT-  exhibit  the  effects  of  prolonged  attrition.  These 
concretuHU,  termed  hemp-teed  calculi,  or  ^rsvel,  are  not 
aeldom  paaoed  by  elderly  persons  after  Berere  nephritic 
attacks    characterising  the  passage  through  the  nreters  of 


Renal  amcretiont  of  oxajate  of  lime  are  frequently  <rf  n 
very  large  size,  particularly  when  nric  acid  has  enpenened. 
According  to  Front,  the  pain  and  derangement  caused  by  oxa- 
late coDcretions  iu  the  kidnevs  osually  assume  diflereot 
characters  from  the  pain  and  derangement  attending  lithic 
add  concretions.  The  pain  is  generally  of  a  more  acute 
character;  and  though  principally  referred  to  a  particular 
spot  over  the  region  of  the  kidney,  is  often  discursive, 
and  shoots  in  the  direction  of  the  ureter,  epigastrium,  or 
shoulder. 

The  same  author  observed,  that  renal  htemorrhage,  re- 
ferable to  concretions,  had  become  very  much  more  frequent 
after  two  epidemics  of  cholera  in  London.  It  remains  to  be 
ascertained,  whether  the  occurrence  of  oxalate  of  lime  in  the 
urine  of  cholera  patients  had  any  share  in  the  production  of 
these  concretions. 


Calculi  of  Oxalate  of  Lime. 

The  piuest  concretions  of  oxalate  of  lime  are  the  white 
crystallized  variety,  of  which  I  have  already  noticed  three 
specimens  preserved  in  the  Museum  of  the  Royal  College  of 
Surgeons.  Such  a  calculus  is  represented  by  Prout,  on 
Plate  V,  fig.  7*.  The  mode  in  which  the  large  crystals  are 
deposited  on  these  calculi,  leaves  no  doubt  of  their  having 
been  formed  in  the  bladder  from  a.  solution  of  oxalic  acid 
and  lime.  On  a  section,  these  and  the  crystalline  calculi 
exliibit  peculiar  crystalline  fibres,  nmniiig  from  the  centre  in 
irregular  curved  lines  towards  the  periphery,  and  mostly 
ending  in  the  projections  which  give  these  calculi  their 
peculiar uDCVcn surface.  Though  layers  maybe  distinguishetl. 
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yet  they  are  not  so  distiiict,  nor  so  regular,  as  in  the  uric 
apid  roiicretions, 

Thf  peculiar  tuherculated  surface  of  tlie  smailer  variety  of 
the  oxalate  of  lime  concretioua  has  caused  the  name  of  miil- 
berry  calculi  to  he  applied  to  them. 

The  colour  of  those  oxalate  of  lirae  calculi  which  are  of 
more  frequent  occurrence  than  the  white  crystallized  variety 
is  generally  deep  hrowu,  aoraetimca  approaching  to  very  dark 
olive-green.  This  olive-green  shade  is  also  exhibited  by 
most  microscopical  crystals.  In  some  calcidi  the  colour  be- 
comes brownish -black.     These  calculi  are  mostly  very  hard. 

Layers  of  Oxalate  of  Lime  in  alternating  and  mixed  calculi. 

Tlie  most  simple  alternating  calculus  to  be  here  con- 
sidered is  an  oxalate  of  lime  stone,  with  a  crust  of  phosphate 
of  lime,  or  mixed  phosphates.  This  phosphatic  crust  is  the 
produce  of  the  decomposition  of  urine  caused  by  the  pre- 
sence of  the  calculus  in  the  bladder,  it  is  the  consequence  of 
mechanical  disease.  Calculi,  in  which  a  nucleus  of  the  oxa- 
late, however  large,  is  surrounded  by  a  body  of  uric  acid, 
suggest  a  different  history.  Here,  the  condition  of  the  nrine, 
which  gave  rise  to  the  oxalate  concretion,  must  have  changed 
into  the  acid  fermentatioiu  The  reverse  is  the  case  in  cal- 
culi having  a  uric  acid  nucleus,  and  one  or  more  layers  of 
oxalate  of  lime.  A  nucleus  of  oxalate  of  lime  may  be  sur- 
rounded by  a  mixed  body,  generally  consisting  of  oxalate  of 
lime,  uric  acid,  and  urates,  rarely  of  cystine  and  phosphates. 
Most  mixed  calculi,  or  mixed  layers  of  alternating  calculi, 
contain  smaller  or  larger  quantities  of  oxalate  of  lime. 

Chemical  characters  of  Oxalate  of  Lime  concretioru. 

The  powder  of  such  a  concretion  is  not  affected  by  acetic 
acid ;  dilute  mineral  atrids,  however,  dissolve  it  without 
effervescence.  From  the  hitter  solution  it  is  precipitated  by 
an  excess  of  ammonia.  A  small  piece  of  the  concretion 
heated  before  the  blowpipe,  at  first  becomes  black,  from  the 
admixture  of  a  variable,  but  always  small,  quantity  of  organic 
matter,  mostly  urates  and  epithelium.  It  then  becomes 
white,  and  ultimately  leaves  a  bulky  residue,  which  when 
moistened  with  water  exerts  an  alkaline  reaction  on  red 
litmus  paper,  and  effervesces  with  acids.  The  residue  is 
therefore  carbonate  of  lime,  with  an  admixture  of  caustic 
lime. 
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Staliatics  of  Oxalate  of  Lime  concretions. 

The  general  proportion  of  calculi  into  the  nucleuB  of 
which  oxalate  of  lime  largely  enters,  in  all  the  niuaeuras,  is 
as  1  :  44 ;  which  is  equivalent  to  saying,  that  if  a.  mulberry 
atone  had  not  been  formed  tuid  detained  in  the  bladder,  two 
persona  out  of  about  nine  who  suffer  from  calculus  would 
not  have  been  troubled  with  that  affection.  The  general 
proportion  of  calcidi  consisting  essentially  of  oxalate  of  lime 
to  all  other  calculi  is  as  1  to  15.  The  ratio  in  which  in 
alternating  calculi  the  oxalate  of  lime  succeeds  to  uric  acid, 
is  as  1  to  lu  J  i  on  the  contrary,  the  ratio  in  which  uric  acid 
succeeds  to  oxalate  of  lime  is  as  1  to  13^.  Hence  the 
alternation  of  the  two  ingredients  may  be  considered  as 
nearly  equal.  The  oxalate  of  lime  succeeds  to  the  urate  of 
ammonia  more  frequently  than  to  uric  acid.  Thus  the  ratio 
in  which  the  oxalate  of  lime  succeeds  to  the  urate  of  am- 
monia is  1  to  9j.  On  the  contrary,  the  ratio  in  which  the 
urate  of  anmionia  succeeds  to  the  oxalate  of  lime,  is  only  as 
1  to  38 ;  a  very  striking  distinction.  The  phosphates  suc- 
ceed to  the  oxalate  of  lime  in  the  proportion  of  1  to  7|,  and 
the  proportion  in  which  the  oxalate  of  lime  succeeds  to  the 
phosphates  is  as  1  to  253^  only.   (Prout.) 


CHAPTER  XLIII. 
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Formula  :  2H0.  C,.,H,„0,,y  or  C,„H,oOb1  ^ 
Composition 


I  100  parts :  Carbon 

Hydrogen 
Oxygen 


4000 
6-67 
5333 


Occurrence. 

The  name  of  this  acid  ie  derived  from  its  occurrence  in 
sour  milk.  It  is  found  in  the  juice  of  the  muscles  of  man 
and  animals.  It  has  been  found  in  the  urine  under  various 
circumstances  by  Lehmann ;  other  chemists,  however,  e.  g., 
Liebig,  Pelouze,  and  Gregory,  have  never  been  able  to  find 
it  in  urine.  Under  certain  conditions  it  is  formed  during 
tlie  fermentation  of  sugar,  and  consequently  is  found  in 
many  fermented  acid  liquids,  particularly  the  juice  of  sauer- 
kraut, or  fermented  cabbage,  a  dish  winch  is  peculiar  to  the 
Germana. 


Mode  of  obtaining  it  pure. 

Lactic  acid  may  be  produced  &om  alanine,  by  treating  this 
artificial  base  with  nitrous  acid, 

2(CbH7N04)  +  2NOs  =  C,jH„0„  +  4N  +  2HO. 

Aliniue  Laclic  icid. 

By  the  artificial  fermentation  of  sugar,  lactic  acid  may  be 
obtained  in  large  quantities.  The  following  prescription  of 
Bensch'  is  very  profitable  :  G  parts  of  caue-sugar,   I'^th  part 
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of  tartaric  acid,  8  parts  of  soxir  milk,  j  part  of  old  cheese, 
aud  3  parts  of  levigated  chalk,  are  mixed  with  26  parts  of 
water  and  exposed  to  a  temperature  of  32°  C.  (90"  F.)  In 
the  course  of  ten  or  twelve  days  the  mixture  ia  transformed 
into  a  aemiaulid  mass  of  lactate  of  lime.  This  ia  boiled  with 
20  parts  of  water  and  Vsth  part  of  caustic  lime ;  the  mixture 
is  filtered  while  boiling  hot,  and  then  gently  evaporated. 
Prom  the  concentrated  solution  lactate  of  lime  in  granules  ia 
obtained  after  some  days'  standing.  The  salt  is  collected  in 
a  calico  bag,  and  pressed  in  severtd  folds  of  linen,  to  &ee  it 
from  the  mother-Uquor.  It  ia  then  again  dissolved  in  twice 
its  weight  of  water,  aud  decomposed  with  ^  parts  of  sul- 
phuric acid.  The  precipitated  gypsum  is  removed  by  filtra- 
tion, and  the  acid  fluid  satiu-ated  with  -[T5thB  of  carbonate  of 
zinc.  The  crystallized  zinc  salt  is  then  decomposed  by  sul- 
phuretted liydrogeii,  aud  the  filtrate  ia  evaporated  by  heat, 
lastly  in  vacuo.  Tlie  lactic  acid  thus  obtained  may  be  fiir- 
ther  purified  by  solution  in  ether. 

Liebig's  method  uf  ohtaining  lactic  acid  from  the  juice  of 
flesh. — The  mother  liquor  from  which  creatine  has  crystal- 
lized, ia  evaporated  a  tittle  more,  aud  then  gradually  mixed 
with  small  portions  of  alcohol,  until  it  assumes  a  milky  tur- 
bidity. After  a  few  days'  standing  the  inoainates  have  cryB- 
tallized.  The  mother-liquor  from  this  crystallization  is  again 
evaporated  in  the  water-bath,  and  the  residue  treated  with 
alcohol,  which  dissolves  all  the  lactates,  The  solution  is  se- 
parated from  the  insoluble  syrup,  and  the  alcohol  ia  evapo- 
rated to  a  syrupy  consistence.  This  syrup  is  now  mixed 
with  an  equal  volume  of  dilute  sulphuric  acid  (composed  of 
one  volume  of  concentrated  acid  and  two  volumes  of  water), 
or  with  a  solution  of  oxalic  acid  of  equal  strength ;  of  the 
latter  so  much  must  be  added  that  a  crystalline  precipitate 
ensues.  The  mixture  is  immediately  treated  with  three  or 
four  times  its  volume  of  alcohol.  The  sulphates  and  oxalates 
are  thereby  precipitated,  lactic  acid  remaining  in  solution. 
To  this  solution  ether  is  added,  until  the  addition  of  a  uew 
portion  does  not  produce  a  fresh  turbidity.  The  precipitate 
18  separated  from  the  fluid  by  filtration,  the  filtrate  freed 
from  alcohol  and  ether  by  distillation  and  evaporated  on  the 
water-bath  to  a  syrupy  consistence.  This  syrup  is  mixed 
with  half  its  vnhmie  of  alcohol,  aud  then  five  times  its  volume 
of  ether  is  added,  whereby  an  almost  pure  solution  of  lactic 
acid  in  ether  is  obtained.  The  ether  is  evaporated,  the 
residue  is  treated  with  milk  of  lime  ;  the  lactate  of  lime  ob- 
tained after  filtration  and  evaporation  is  washed  with  alcohol, 
and  bj'  re-crystallization,  and,  if  necessarj',  treatment  with 
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bhud^  charcoal,  is  obtained  i^rfectly  pure.     From  it  lactic 
acid  may  be  obtained  as  above. 


Mode  of  ascertalninff  the  presence  of  Lactic  add  in  Unne. 

The  urine  is  evaporated  on  the  water-batli  to  a  syrupy  con- 
Bistence,  and  the  residue  treated  with  an  alcoholic  aolution 
of  oxalic  acid.  Oxalate  of  lime,  potash,  soda,  and  urea,  are 
thereby  precipitated;  the  solution  contains  hydrochloric, 
phosphoric,  and  oxalic  acids,  and,  if  any  be  present,  lactic  acid. 
This  solution  is  now  treated  with  an  excess  of  hydrated 
oxyde  of  lead,  and  the  precipitate  of  chloride,  phosphate, 
oxalate,  and  the  excess  of  the  oxyde  of  lead  is  separated  from 
the  fluid  by  filtration.  The  fluid,  containing  lactate  of  lead, 
is  treated  with  hydrothion,  and  the  filtrate  after  boiling  with 
oxyde  of  zinc  and  filtration,  on  evaporation  and  standing, 
yields  crystals  of  lactate  of  zinc.  From  this  different  salts, 
or  the  acid  itself,  may  be  prepared. 

In  consequence  of  the  extremely  minute  quantities  of 
lactic  acid  to  be  obtained  from  the  animal  fluids,  Lchmann 
adopts  the  following  method,  with  a  ^-iew  of  studying  the 
forms  of  the  different  salts  under  the  microscope.  The  im- 
pure lactic  acid  from  the  alcoholic  extract  of  the  matters 
treated  with  eulphuric  or  oxalic  acid,  is  treated  with  baryta 
water,  and  the  excess  of  the  baryta  removed  by  carbonic 
acid ;  the  solution  of  lactate  of  baryta  is  evaporated  to  the 
consistence  of  a  ayrup,  treated  with  alcohol,  filtered,  again 
evaporated,  and  then  allowed  to  stand  for  some  time,  in  order 
that  any  other  baryta  salts  may  crj-stallize.  If  butyric  acid 
were  present  in  the  urine,  it  would  at  this  stage  be  obtained 
from  the  solution.  The  filtrate,  or,  if  there  was  no  crj'stalli- 
zation,  the  fiuid,  is  dissolved  in  water,  and  decomposed  with 
a  solution  of  gypsum ;  the  fluid  from  which  the  sulphate  of 
barj'ta  has  been  removed  by  filtration  is  strongly  concen- 
trated, and,  on  examining  it  under  the  microscope,  the 
double  brushes  of  lactate  of  lime  may  be  easUy  distinguished 
from  the  crystals  of  gypsum.  On  dissolving  these  crystals  of 
lactate  of  lime  in  alcohol,  and  adding  sulphate  of  copper  to 
the  alcoholic  solution,  the  fluid,  after  standing  for  some  time 
(in  order  that  the  excess  ofsulphateof  copper  and  the  gypsum 
that  is  formed  may  separate  aa  completely  as  possible),  is 
evaporated  so  as  to  crystallize,  and  the  crystals  of  lactate  of 
copper  are  then  micro8copic;dly  examined.  If,  by  the  above 
process,  we  do  not  obtain  distinct  and   measurable  crystals, 
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we  must  disBdlve  the  residue  in  a  little  water,  and,  after  boil- 
ing it  to  remoVL'  any  butyric   acid  that  may  yet  remain  Ik"- 
hind,   filter   and    concentrate   it.     Into    this    concentrated 
solutiun  of  lactate  of  copper  a  small  bar  of  zinc  is  placed. 
The  zinc  soou  becomes  covered  with  crystals  of  lactate  of 
zinc,  which  may  be  identified  under  the  microscope.     If  on 
accurate  crjstallometric  iuvestigatiou  caunot  be  instituted, 
we  must  precipitate  the  solution  of  the  zinc  salt  with  a  boil-  . 
ing  solution  of  protochloride  of  tin,  and  allow  it  to  stand  for  | 
some  time ;  on  then  making  a  microscopical  examination,  we  J 
ahall  find  clusters  of  crystals,  in  groups  of  thick  rhombkij 
plates,  lying  close  upon  each  other.     The  demonstration  rtf  j 
the  difl'erent  salts  may  thus  serve  to  show  the  presence  of  1 
lactic  acid.     If  there  be  sufficient  material,  the  atomic  weight  I 
may   be   determined.     But  where  all  the  above  proo&  i 
present,  an  elementary  analysis  will  hardly  be  required. 

Physical  and  Chemical  prater  ties. 

Lactic  acid  is  a  colourless,  syrupy  liquid,  of  a  strongly 
acid  taste.  Its  specific  gravity  is  TSIS.  It  is  soluble  in 
any  proportions  in  water,  alcohol,  and  ether.  When  its 
solution  in  water  ia  heated,  a  part  is  volatilized  with  the  va- 
pours of  water ;  the  greater  part  of  the  acid,  however,  remains, 
and,  at  a  temperature  of  1 30°  C.  (2GG  °F,),  loses  two  equivalents 
of  water,  and  is  thereby  transformed  into  the  anhydrous 
modification,  which  on  cooling  solidifies  into  a  firm,  yellow- 
ish mass.  This  fuses  already  at  a  temperature  below  100°  C, 
{212°  F.) ;  when  boiled  with  water,  it  bcfxtmes  again  eon- 
verted  into  ttie  ordinary  hydrated  lactic  acid.  If  the  add  ia 
heated  to  260°  C.  {500^  F.)  the  loss  of  four  equivalents  of 
water  transforms  it  into /ac/icfc  (CjallnOg}.  This  substance 
occurs  as  a  sublimate,  and  from  its  alcoholic  solution  crj-stal- 
lixcs  in  white,  glistening,  rhombic  plates.  >Vhen  kept  in 
contact  with  water  for  some  time,  it  is  also  converted  into 
lactic  acid.  On  being  heated  rapidly,  lactide  is  decomposed 
into  aldehyde  and  earbonic  oxyde,  according  to  the  formula 
C„Hp„  =  2(C^Hpj  +  ICO. 

This  has  led  to  the  conclusion,  that  lactic  acid  might  be  a 
copulated  compound  of  aldehyde  and  formic  acid,  according 
to  the  formula 

C„H,fi,^=  2(C.,HjO^  +  C,H,0,). 

Wten   lactic  acid  salts  are  left  in  contact  with  putrefying 
bodies  at  a  temperature  of  from  30"  to  36"  C.  (86'  to  95   K.) 
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the  acid  is  transformed  into  butyric  acid  under  evolution  of 
carbonic  acid  and  hydrogen,  according  to  the  formula 

2CaO  .CuH|oO,o+HO 
=  CaO  ;  C,H,Og  +  CaO  .  CO,  +  4H  +  SCO,. 

Compound*. 
With  bases  lactic  acid  forms  neutral  salts  of  the  composition 
2M0  .  C|,H,„0,o,  or  C|,H,„Ob-|„ 

and  aeid  salts  of  the  composition 

MO  .  HO  .  C,2H,oO,o,  or  C„H,„OHlr. 
HM  ]"*■ 

There  are  also  some  basic  salts. 

Lactate  of  lime,  2CaO  .  C|jlI,nO,„  +  JO  HO,  crystallizes  in 
granular  masses,  which  nndcr  the  microscope  present  a 
radiary  arrangement  of  needles,  and  are  little  soluble  in  cold 
water  and  alcohol,  but  soluble  in  all  proportions  in  these 
fluids  at  the  boiling  heat. 

Lactate  of  zinc.  2ZnO  .  CialljyO,^  +  6H0.— This  salt  is 
soluble  in  58  parts  of  cold  and  6  parts  of  boiling  water. 
From  such  a  concentrated  hot  solution  it  crystallizes  easily 
on  cooling  in  form  of  four-sided  prisms,  with  oblique  termi- 
nal planes. 

Lactate  of  copper.  2CuO  +  Ci.jH,oO,„  +  JHO.— It  crys- 
tallizes in  sky-blue  little  warts,  and  is  soluble  in  water  and 
alcohol. 

The  lactates  obtained  from  the  juice  of  flesh  exhibit  some 
differences  fivam  the  lactates  obtained  by  other  proceedings, 
which  has  led  to  the  conclusion  that  there  are  two  modifiea- 
tious  of  lactic  acid  present  in  the  respective  salts,  the  one 
from  flesh  being  a  monobasic,  the  other,  obtained  by  the  fer- 
mentation of  sugar,  being  a  bibasic  acid.  It  has  been  sug- 
gested that  the  former  might  be  composed  according  to  the 
formula  CnHflOg. 

Lactate  of  lime  from  t/ie  Juice  of  flesh  is  very  similar  to  the 
ordinary  lactate  of  lime  in  its  external  appearance.  It  con- 
tains, however,  only  8  equivalents  of  water  of  crystallization. 
It  is  also  less  soluble  in  water  thau  the  ordinary  salt. 

Lactate  i^  zinc  from  the  juice  of  fiesk  contains  only  -I  equi- 
valents of  water,  and  is  much  more  soluble  in  water  and 
alcohiil  than  the  ordinary  lactate  of  zinc. 


Pathological  indicationa. 

I  have  already  mentioned  the  most  important  i 
stances,  normal  and  pathological,  under  which  lactic  acid  is 
fonnd  iu  various  parts  of  the  economy.  Its  occurrence  m 
urine  is  extremely  variable,  according  to  Lehmann,'  upou 
whose  researches  I  have  mainly  relied  in  this  paragraph. 

In  all  cases  w/iere  the  supply  of  lactates  to  the  blood  is  very 
great, — whether  IMs  depends  on  an  excess  of  acid  being  fomted 
in  the  muscles,  or  on  Ike  use  of  a  diet  tending  to  produce  it,  or 
an  imperfect  process  ofcvydation  in  the  blood,— lactic  acid  mag 
be  delected  »Vt  the  urine.  Hence  in  the  urine  of  the  same  indi- 
vidual, lactic  acid  may  on  one  day  he  present,  and  on  another 
absent.  In  the  urine  of  many  persons,  no  lactic  add  can  be 
detected ;  and  in  the  urine  of  others  again  {especially  of  per- 
sons who,  in  consequence  of  repeated  catarrhs,  suffer  from 
partial  relaxation  of  the  pulmonary  tissue),  it  is  constantly 
present.  Stall-fed  animals,  living  on  amylaceous  fodder,  ex- 
crete lactic  acid  by  the  kidneys,  while  under  other  condi- 
tions this  acid  cannot  be  detected  in  their  urine.  In  most 
febrile  diseases  lactic  acid  may  be  recognised  in  the  urine. 

Urine  containing  a  considerable  quantity  of  oxalate  of 
lime  almost  always  contains  some  lactic  acid  at  the  same 
time.  Scherer'  and  Marchand^  have  sometimes  ob8er\ed  a 
considerable  amount  of  lactic  acid  in  the  urine  of  rachitic 
children,  and  Lehmann  noticed  it  in  the  osteomalacia  of 
adults. 

If  urine  is  to  be  examined  for  lactic  acid,  it  must  be  quite 
fresh.  For,  since  it  has  been  shown  by  Scherer  that,  on  ex- 
posing of  uriue  to  the  atmosphere,  there  occurs  a  gradual 
augmentation  of  the  firee  acid,  which  is  mostly  lactic  acid,  it 
nught  be  possible  to  mistake  a  produce  of  the  drat  stage  of 
the  acid  fermentation  of  urine  for  a  produce  of  the  organism. 
Diabetic  urine  produces  lactic  acid  very  quickly  and  in  large 
quantities.  Now,  as  all  urine  contains  indican,  which  under 
certain  circumstauces  may  be  transformed  into  sugar  and 
other  products,  the  formation  of  lactic  acid  iu  any  urine  is 
possible ;  in  this  way  also,  the  occurrence  of  acetic  arid  iu 
all  putrefied  urine  seems  to  find  an  explanation.  It  is  also 
probable  that  the  butyric  acid  foimd  once  or  twice  in  urine 
was  a  product  of  the  further  decomposition  of  a  lactate. 


'  Phyiiol.  Chemiitry,'  Ctieniligb  Soc.  Edit., 
'  Unteniicbud^D  lur  Pilholngic,'  p.  7i,  rl 
'  Lfhrhuch  cler  Phviiologiichcn  Chemip.'  p 


vol.  i.  p.  9i.  c 
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The  presence  of  lactic  add  in  fresh  wine  may  indicate  that 
acid  fermentation  is  taking  place  in  the  urinary  passages.  In 
these  cases  there  may  be  a  deposit  of  uric  acid^  either  already 
formed  in  the  kidneys  or  bladder^  or  produced  soon  after 
emission. 


CHAPTER  XLIV. 
mtOPHANIC    OEGANIC    AOIDS. 


Under  this  head  I  wish  to  briiig  to  the  notice  of  the 
reader  a  series  of  organic  acids  which  never  appear  in  the 
urine  as  products  of  the  organism,  but  as  substances  simply 
passing  through  the  body  without  undergoing  destruction. 
Of  some  acids  only  a  small  proportion  reappears  in  the  urine, 
after  the  ingestion  of  hirgc  doses  into  the  stomach.  The 
same  acids  when  introduced  in  small  quantities  are  entirely 
osydized  in  the  body,  and  their  salts  appear  iu  the  urine  as 
the  carbonates  of  the  respective  bases.  In  this  sense,  oxalic 
and  lactic  acid,  as  we  have  already  seen,  may  sometimes  be 
called  urophanic  acids.  But  as  they  may  be  products  of  a 
morbid  process  of  the  organism  as  well,  they  do  not  exclu- 
sively belong  under  this  class,  and  have  therefore  been  treated 
of  separately.  Besides  the  acids  which  may  be  totally  oxy- 
dized  in  the  body,  or  of  which  a  small  proportion  only  may 
appear  in  the  urine,  we  have  to  notice  acids  of  which  the 
entire  amount  appears  either  unchanged,  or  partially  changed, 
or  combined.  Gallic  acid  seems  to  pass  unchanged  through 
the  body ;  tannic  acid  is  transformed  into  gallic  and  pjTO- 
gallic  acid;  salicylic  acid,  imitating  benzoic  acid,  combines 
with  glycocoll,  and  appears  in  the  urine  as  salicyluric  acid. 
The  occurrence  of  these  substances  in  urine  is  mostly  acci- 
dental, and  dependent  upon  the  inspiration  of  some  experi- 
menter, only  one  or  two  being  administered  as  medicines. 

It  would  be  exceeding  the  limits  of  itsefulnees  of  this 
treatise,  were  I  to  give  the  chemical  properties  of  all  the 
acids  in  detail,  together  with  the  methods  by  which  they  are 
detected  in  the  urine.  The  older  facts  are  therefore  summarily 
given  J  the  newer  ones,  however,  I  have  given  a  Utile  more 
extensively  when  relating  to  substances  of  importance. 
These  remarks  I  wish  also  to  apply  to  the  maimer  iu  wluch 
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the   other   chapters    on    urophanic    substances   have    beeu 
treated. 

The  first  cxtenBive  researches  on  the  changes  which  sub- 
stances introduced  into  the  stomach  undergo  or  not  undergo 
before  they  reappear  in  the  urine,  were  iustituted  by  Wiihler.* 
Many  urophanic  substances  were  inveatigatetl  hy  Wiililer  and 
I'Yeriehs^  conjointly,  and  by  Heller  and  Kletzinsky,  who  con- 
tributed many  papers  in  the  sis  volumes  of  Heller'a  '  Archiv.' 
The  rest  of  the  observations  were  made  by  sporadic  observers, 
whom  I  shall  have  an  opportunity  of  quoting  under  the 
several  ai-ticles. 


1.    SttCClNIC    ACID. 


Formula:  2H0  .  CJ1,0„ 


rCJlAlQ 


Succinic  acid  was  found  by  Wohler  in  the  urine  of  a  dog, 
to  whom  he  had  given  half  a  drachm  of  the  acid. 
Kletzinsky^  also  found  succinic  acid  in  the  urine  when  he 
had  taken  a  salt  of  it.  Buchlieim,  on  the  contrary,  could 
never  find  any  trace  of  succinic  acid  in  the  urine,  uo  matter 
whether  it  was  taken  in  the  form  of  salt  or  free,  and  in  lai^ 
quantities.  The  amount  of  hippuric  acid  was,  however,  found 
to  be  considerably  increased,  an  observation  also  made  by 
Dr.  W.  Kiihne.* 


Formula  t  2HO  .  CsH^Og,  or  C„H  Oo)q 
Hi  J    *■ 


J" 

Magawly  took  30  grammes  of  neutral  malate  of  lime, 
and  in  another  experiment  the  same  quantity  of  a  mixture  of 
neutral  and  acid  malate  of  lime.  In  both  cases  the  urine 
was  normal  and  acid,  and  contained  no  trace  of  malic  acid, 


I  Titdemann  and  Trciiranui, '  Zciuchrifl  fiir  Phriiologic,'  i 

'  '  Ann.  d.  Chcm.  und  Pbinn.,'  liv,  p,  335, 

'  Deller*!  '  Archiv.*  vol.  vi,  p.  95. 

'  Virehow's  '  Archit,'  tol,  lii,  1857.  p.  400. 
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3.     TARTARIC    ACID. 

Formida:  2H0  .  CgH.O,,,,  or  CJI A 


Occarrenci:. 

Ttu8  acid  occurs  in  young  winca  in  the  form  of  potash  salt. 
As  it  is  never  a  product  of  the  organism,  it  can  only  occnr  in 
the  urine  after  ingestion  into  the  xtomach.  It  is  therefore  a 
merely  accidental  ingredient  of  urine,  witliout  any  patholo- 
gical significance.  Its  physiological  bearing  is  however  im- 
iiortant,  and  I  therefore  thought  it  useful  to  record  the 
bllowing  experiments  on  its  reappearance  in  urine  after  in- 


Experimenfs  on  the  reappearance  of  Tartaric  acid  in   Urine 
after  inyestion  into  tlie  stomach. 

"Wohler  caused  a  dog  to  eat  two  drachms  of  powdered  tar- 
taric acid,  mixed  with  bread  and  meat.  The  dog  was  killed 
six  hours  later.  The  bladder  contained  four  ouuces  of  urine, 
which  on  cooling  deposited  a  large  quantity  of  small  white 
crystals,  similar  to  oxalate  of  lime  in  the  first  experiment, 
with  oxalic  acid.  By  precipitation  of  the  urine  by  means  of 
nitrate  of  lime,  another  quantity  of  the  same  precipitate  was 
obtained,  which,  together  with  the  first  one,  amounted  to 
more  thau  half  a  drachm.  On  exposure  to  red  heat  the  preci- 
pitate evolved  the  peculiar  odour  of  burning  tartrates,  and 
left  a  residue  of  carbonate  of  lime  mixed  with  some  charcoal. 
Having  observed  oxalic  acid  pass  into  the  urine,  Wohler  be- 
lieved the  tests  just  detailed  to  be  sufficient  evidence  of  the 
presence  of  tartaric  acid,  in  the  form  of  tartrate  of  lime. 
The  urine  was  more  than  usually  acid,  and  contained  no 
albumen. 

Of  the  tartrates,  Wohler  experimentalised  with  tartrate 
and  bitartrate  of  potassa,  tartrate  of  potassa  and  boracic 
acid,  tartrate  of  potassa  and  soda,  or  Seignette  salt,  all  of 
which,  when  taken  in  doses  from  one  to  three  drachms, 
made  the  urine  alkaline.  When  cream  of  tartar  had 
been  taken,  the  urine  contained  no  tartaric  acid  while  it 
was  alkaline,  but  on  again  becoming  acid,  the  acid  could 
easily  be  detected  by  adding  to  the  urine  some  nitrate  nf 


1  would  cause  a  precipitate  of  tartrate  of  lime  to 
be  recognised  as  a  tartrate  bv  the  peculiar  odour  on  huming. 
The  precipitate  obtained  by  WbhJer  must  have  containMi 
phosphate  of  lime.  The  test  for  tartaric  acid  by  the  odour 
of  the  burning  salt  is  also  not  always  sufficiently  character- 
istic,  being  masked  by  the  odour  of  adhering  urinary  matter*. 
For  this  reason,  Buchhcini  adopted  the  following  proceeding 
for  discovering  tartaric  acid  in  urine.  A  day's  urine, 
amounting  to  lOlOS  grammes,  was  mixed  with  one  gramme 
of  tartaric  acid,  preWoualy  neutralized  by  ammonia,  and  the 
mixture  treated  with  chloride  of  calcium  and  ammonia.  The 
precipitate  formed  hereby  was  quickly  removed  by  filtration. 
It  consisted  of  phosphate  of  lime,  and  did  not  contain  any 
tartrate  of  lime.  The  filtrate  was  evaporated  to  Vo^h  or  A^h 
of  its  bulk  and  put  aside  for  six  or  eight  days.  The  precipitate 
which  had  formed  after  the  lapse  of  that  time  was  separated 
by  filtration,  washed,  dissolved  in  dilute  hydrochloric  acid, 
which  left  the  greater  part  of  the  sulphate  of  lime  undis- 
solved ;  the  solution  was  next  neutralized  with  ammonia  and 
acidulated  with  acetic  acid  uutU  the  precipitate  produced  by 
the  ammonia  had  disappeared.  After  the  lapse  of  six  or 
eight  days,  the  tartrate  of  Ume,  which  is  very  bttle  soluble 
in  acetic  acid,  had  crvstallized  in  lai^e  and  small  crystals. 
They  were  dried  at  100°  C.  (212°  F.)  and  weighed,  and  in 
this  case  amounted  to  P212  grammes,  corresponding  to  0699 
grammes  of  crystallized  tartaric  acid,  instead  of  TO  gramme 
originally  added  to  the  uriue. 

A.  Free  tartaric  acid. — i.  Buchhcim  took  repeated  two- or 
three-gramme  doses  of  tartaric  acid,  at  intervals  of  half  an  hour 
each.  After  having  taken  about  ten  grammes,  borborygmi 
made  their  appearance,  and  when  19(1  grammes  had  been 
used  a  fluid  motion  of  the  bowels  occurred,  followed  by  two 
others  a  little  later.  The  fluid  fieces  contained  alkaline 
carbonates,  but  no  tartaric  acid.  The  urine  from  twelve 
hours  amounted  to  1047'6  grammes,  and  yielded  0-604 
grammes  of  tartrate  of  lime,  corresponding  to  0349  grammes 
of  crystallized  tartaric  acid,  or  1-78  per  cent,  of  the  amount 
taken. 

II,  Piotrowsky  took  20-0  grammes  of  tartaric  acid  in  the 
course  of  twelve  hours.  There  were  borborjgmi,  but  no 
motions.  The  urine  from  twenty-four  hours  amounted  to 
996-2  grammes,  and  yielded  0-653  grammes  of  tartrate  of  lime, 
corresponding  to  0377  grammes  of  crystallized  tartaric  acid, 
or  1-88  per  cent. 
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III.  Tbe  eame  geDtlcman  took  300  grHmmcB  of  tartaric  BCH 
in  the  course  of  fifteen  hours.     The  urine  had  quite  the 
dinary  appearance,  and  amounted  to  1211'7grainmeB.   After 
removal  of  the  phosphates,  some  crystals  of  tartrate  of  lime 
appeared  on  evaporation.     The  total  of  tartrate  of  lime  ol 
tained  amounted  to  1'138  grammes,  or  379  per  cent, 

IV.  30'0  grammes,  taken  in  larger  doses  and  at  shorter  in- 
tervals, caused  relaxation  of  bowels.  The  fsces  were  as  in 
Experiment  i.  The  urine,  11403  grammes,  was  of  ordinary 
condition,  and  yielded  1-702  grammes  of  tartrate  of  lime, 
corresponding  to  0"982  grammes  of  tartaric  acid,  or  3'2" 
per  eeut. 

V.  Another  individual  took  100  grammes  of  tartaric  acid. 
The  urine  amounted  to  2123"6  grammes,  and  was  as  usual. 
Tlie  quantity  of  tartrate  of  lime  found  was  0"254  grammes, 
corresponding  to  0147  grammes  of  tartaric  acid,  or  l'-t7 
per  cent, 

VI.  A  woman,  forty-five  years  of  age,  suffering  from  erysi- 
pelas of  the  right  forearm,  took  100  grammes  of  tartaric 
acid  in  several  doses.  The  normal  urine  weighed  851'3 
grammes,  and  yielded  0'496  grammes  of  tartrate  of  lime,  cor- 
responding to  0286  grammes  of  tartaric  acid,  or  286  per  ceuL. 

VII.  Piotrowsky  took  50  grammes,  divided  in  three  dose*. 
The  urine,  963'4  grammes,  had  a  strongly  acid  reaction.  It 
yielded  0'164  grammes  of  tartrate  of  lime,  or  0-095  grammes 
of  crytallized  tartaric  acid,  or  189  per  cent. 

viit.  Of  2'0  grammes  of  the  acid  taken  in  small  doses 
the  course  of  ten  hours  no  trace  reappeared  in  the  uriue, 

BUartrate  of  potash. — ix.  150  grammes  of  hitartrate  wei 
taken  in  three  portions,  at  intervals  of  four  hours.  The 
uriue  became  alkaline  oidy  after  the  last  dose,  and  so  strongly 
alkaline  as  to  cause  violent  burning  in  the  urethra  on  being 
passed.  The  total  quantity  of  urine  amounted  to  1251'7 
grammes,  and  was  strongly  alkaline,  so  as  to  effervesce  on 
the  addition  of  acids.  There  were  obtained  0-623  grammes 
of  tartrate  of  lime,  equal  to  0-359  grammes  of  tartaric  acid, 
or  ]"0  per  cent, 

X.  600  grammes  of  the  bitartrate  were  taken  in  dosea  of 
15  grammes,  in  the  course  of  nine  hours.  The  urine  became 
alk^ine  in  three  hours  and  a  half,  and  amounted  to  2039-0 
grammes.  It  yielded  1535  grammes  of  tartrate  of  lime,  cor- 
responding to  0-886  grammes  of  tartaric  acid,  or  1-85  per 
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Neutral  tartrate  of  potash. — xi.  Piotrowsky  took  30'0 
grammes  of  neutral  tartrate  in  three  doses.  Soon  afterwards 
diarrhoea  ensued,  but  the  faeces  contained  only  carbonic,  no 
tartaric  acid.  The  urine  became  soon  alkaliue,  and  effer- 
vesced with  acids;  it  amouiited  to  1279'3  grammes,  and 
yielded  0561  grammes  of  tartrate  of  lime,  corresponding  to 
0324  grammes  of  tartaric  acid,  or  1'63  per  cent. 

XII.  A  few  days  afterwards  the  same  experiment  was  re- 
peated. From  13100  grammes  of  strongly  alkaline  urine, 
0'349  grammes  of  tartrate  of  lime  were  obtained,  equal 
0317  grammea  of  tartaric  acid,  or  r59  per  cent. 

XIII.  After  ingestion  of  45-0  grammes  of  the  neutral  salt, 
25850  grammea  of  urine  yielded  0'843  grammes  of  tartrate 
of  lime,  or  0486  grammes  of  tartaric  acid,  or  163  per  cent. 

Tartrate  of  soda  and  potash. — xiv.  45'0  grammes  of  this 
salt  made  the  urine  soon  alkaline.  It  amounted  to  1301'5 
grammes,  and  yielded  1374  grammes  of  tartrate  of  lime, 
equal  to  0'793  grammes  of  tartaric  acid,  or  3'32  per  cent, 

XV.  On  repetition,  the  urine  came  to  1088-3  grammes,  and 
there  were  obtained  1-937  grammes  of  tartrate  of  lime,  equal 
to  1118  grammes  of  tartaric  acid,  or  468  per  cent. 

XVI,  60"0  grammes  were  taken  in  four  doses,  at  intervals 
of  three  hours.  The  urine,  14730  grammes,  alkaline, 
yielded  2840  grammes  of  tartrate  of  potash,  corresponding 
to  1-638  grammes  of  tartaric  acid,  or  5'14  per  cent.  In 
neither  of  these  three  cases  the  bowels  became  relaxed. 

Tartrate  of  iron  and  potash. — ivii.  Of  this  preparation, 
containing  260  per  cent,  of  iron,  100  grammes  were  taken 
in  one  dose.  The  urine,  9810  grammes,  was  strongly  acid, 
and  did  not  contain  any  tartaric  acid.  The  feces  were  soft, 
and  blackish-green.  The  aebes  of  the  urine  contained  no 
increased  quantity  of  iron. 

Tartrate  of  suboxyde  of  nickel  and  potash. — Jcviii.  Wiihler 
found  nickel  in  the  urine  of  a  dog,  to  which  he  had  given 
half  a  drachm  of  the  salt.  The  urine  was  made  brown  by 
sulphuretted  ammonium,  aud  gradually  deposited  dark  brown 
dakes.  A  green  solution  of  this  salt  was  obtained  by  adding 
carbonate  of  suboxydc  of  nickel  to  a  boiling  solution  of  bitar- 
trate  of  potash.  Of  this  solution,  which  contained  0'64  per 
cent,  of  metallic  nickel,  164-4  grammes  (=  1'052  grammes 
of  nickel)  were  taken  in  sis  doses  by  Piotrowsky.  The  urine 
25 
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was  1260'0  grammps.  The  ashes  of  the  urine  yielded  a 
emiill  amount  of  nickel.  No  tartaric  acid  could  be  found  id 
tlic  urine.  Tlie  urine  of  tlie  next  days  contained  no  trace  of 
nickel.  The  fteces,  whicli  were  of  the  usual  consistence,  con- 
tained no  iiiekcl  on  the  first  day,  but  considerable  qiiantiticH 
on  the  pccoud  and  third.  They  were  dark  brown,  from  the 
sulphnret  of  nickel,  which  is  dark  brown,  when  finely 
di\-ided,  and  not  blackish-green,  like  sulphuret  of  iron. 

The  experiments  show  that  of  large  quantities  of  tartaric 
acid  and  its  salts,  ingested  into  the  stomach,  a  small  per 
centagc  may  roapiM:ar  in  the  urine.  The  great  bulk  is  traus- 
formed  into  carbonates. 

The  following  table  exhibits  the  results  of  the  above  expe- 
riments ; 


PDnn  ID  which  the  Add 
»M  Uken. 

Grmmnin  of  Acid 

(.ken. 
C,H.O|„  +  2U0. 

P.r  c«ni«g«  of 

Adil  found  in 

Urine. 

I. 

19-6 

1-78 

11. 

20-0 

1-83 

III. 

300 

3-79 

C„H«0,(,  +  2HO    .     .     . 

IV, 
V. 

300 
100 

3-27 
1-47 

VI. 

lO-O 

2-86 

VII. 

50 

1-89 

vin. 

2-0 

l^]0fl.O,.       .    .    .\ 

IX. 
X. 

350 
l?-82 

I-QO 
1-85 

r 

XI. 

1988 

I -OS 

2KO,C,H.O„  ...     J 

XII. 

1988 

1-59 

1 

xm. 

29-8) 

1-68 

§S,}C.H.O,.  +  8HO.| 

XIV. 

23-90 

3-32 

XV. 

23-90 

4-68 

XVI. 

81-87 

5-14 

. 

Of  the  salt  with  potash  and  soda,  a  larger  per  centagc  ap^ 
pears  in  the  urine. 

Of  tartaric  acid,  a  much  smaller  per  centage  reappean  in 
the  urine  than  of  oxalic  acid,  _ 

Wblder  heUevcd  that  free  tartaric  acid  passed  imchangi 
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into  the  urine,  hut  did  uot  do  so  when  taken  in  corohination 
with  bases.  This  error  haa  given  rise  to  the  theory,  that  the 
preseuce  of  alkalies  in  the  hlood  was  accessary  for  oxydation, 
and  that  by  increasing  tlie  amount  of  alkali  in  the  blood 
we  could  favour  this  process,  Mialhe's  treatment  of 
diabetes,  already  found  practically  useless,'  and  experimen- 
tally made  improbable  by  Lehmauii^  and  Poggialc,^  thus 
loses  its  last  foundation.  Dr.  Parkcs  was  of  opinion,  that 
by  the  medicinal  use  of  alkalies  the  quantity  of  sulphuric 
acid  in  the  urine,  whieh  was  to  be  considered  as  the  product 
of  oxydation  of  albuminous  substances,  became  augmented. 
But  the  experiments  of  W.  Clare*  do  not  support  that 
opinion,  so  that  the  alleged  use  of  the  alkalies  haa  become 
more  than  questionable. 


4.    CITEIC   ACID, 


Formula:  SHO,  C,..H,0,i,  orC,„H,0,if, 


The  experiments  of  Morichini,  quoted  by  Wiihler,  on  the 
passage  of  citric  acid  into  the  urine,  are  related  with  so  many 
improbabilities,  that  we  must  leave  them  out  of  consideration. 
The  only  experiments  worth  noticing,  previoiis  to  those  of 
Buchheim,  are  by  Gilbert  Blane,  who  found  that  citrate  of 
potash  appeared  in  the  urine  as  carbonate. 

In  eight  different  experiments  by  Buchheim,  in  which  re- 
peated and  large  quantities  of  free  citric  acid  were  taken, 
the  urine  was  quite  normal,  and  contained  no  trace  of  citrie 
acid.  The  citrates  with  three  equivalents,  one-and-a-half 
equivalents,  and  one  equivalent  of  soda,  respectively,  taken 
in  three  drfierent  experiments,  made  the  urine  alkaline ;  but 
no  trace  of  citric  acid  was  found  iu  the  urine.  The  citrates 
with  three  equivalents  and  one  equivalent  of  magnesia,  respec- 
tively, eansed  diarrhisa,  the  fieces  containing  carbonate  of 
magnesia.     The  urine  was  acid,  and  free  of  citric  acid. 

'  Garrod,  Ooliton  Lecl.  on  Diabctei,  'A«oc.  Med.  Journ.,'  1B&7- 

>  '  Lchrbuch  d.  Phytiol.  Cbcmie,'  2d  edit.,  Leipzig,  1B63,  rot.  iii,  f.  205'. 

'  '  Comptei  remL,'  t.  illi,  p.  198. 
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6.    TiUmC    ACID. 

Elements:  C^,H„0^  =  3H0,C«Hi»0„. 

Wohler  and   Frerichs  gave  to  a  dog  piire  tannic  acid,  in   , 
dottea  gradually  increaHin^  from  Oo  to  6'0  grammes.     The 
animal  remained  well,  hut  the  ffeces  gradnally  ceased  to  be   i 
discharged,  though  the  appetite  remained  the  same.     The   ' 
urine,  in  the  beginning  of  the  experiment,  §howed  the  normal   ' 
ycUow  colour,  which,  however,  gradually  changed   iuto   a 
dark,  lastly  intensely  brown  colour,  until  at  last  it  became 
brownish- black,  and  impervious  to  transmittetl  light. 

The  brown  urine  yielded  a  blaokish-blue  precipitate  with 
salts  of  oxydc  of  iron,  but  no  precipitate  was  produced 
in  it  by  a  solution  of  gelatine.  Taimic  acid,  consequently, 
in  its  transit  through  the  body,  had  become  transmuted  into 
gallic  acid. 

Salts  of  the  suboxyde  of   iron  produced  a  bluish-black    ' 
precipitate  in   the  urine,  indicating  the  presence  of  pyro-   i 
gallic  acid.     As  this  acid,  in  presence  of  ammonia,  is  easily 
transformed    into  humine-hke   bodies,  it   is   reasonable    to   i 
explain    the    black    colour   of  the  urine    by   the   further   ' 
decomposition  of  the    pyrogallie   acid,  for  which  the  am- 
moniacal  condition  of  the  urine  afforded  the  opportunity. 
The  dark  colour  and  jieculiar  reactions  of  the  urine  eoii- 
tinucd  for  two  days  after  tannic  acid  had  ceased  to  be  admi- 
nistered. ' 

By  the  action  of  acids,  alkalies,  or  ferments,  tannic  acid, 
tuking  up  water,  is  transformed  into  gallic  acid  and  sugar,  ao-   . 
curding  to  the  following  formula : 

£-HaO«  +  »HO  =  S^ChHA.)  +  C„H„0^ 
Tlnnic  uAA.  Gallic  icid. 


It  is  probable  that  the  mctamoqihosis  of  tannic  acid  in  the 
luman  body  takes  place  in  a  similar  manner. 

fi.    TOLUYLIC  ACID. 

Elements  :  HO,  CuUPt,  or  C,jH,0,l  q 

Kraut'  took  toluylic  acid  in  doses  of  several  grammes.    IIo 
■  Ann.  cl.  Chcm,  unil  Pharm.,'  tevm,  p.  360. 
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felt  no  effect  from  it ;  the  urine  wlueh  was  voided  afterwards 
had  a  etroiigly  aeid  reaction.  It  was  evaporated  to  the  con- 
sistence of  a  syrup,  and  extracted  with  alcohol.  Tlie  extract 
was  treated  with  oxalic  acid,  and  a^ain  evaporated,  and  the 
residue  extracted  with  ether  containing  some  alcohol.  This 
left,  on  evaporation,  a  yellowish,  crystalline  mass,  mixed  with 
oxalic  acid.  It  was  boiled  with  carbonate  of  lime,  when 
from  the  filtrate  alime-salt  crystallized.  This,  after  repeated 
crystallization,  aud  decomposition  with  dilute  warm  hydro- 
cUoric  acid,  yielded,  on  the  fluid  cooling,  a  crystallized  acid 
{toluric  acid)  which,  after  recrystallization  from  boiling  water, 
was  obtained  pure  in  crystalline  colourless  plates.  The  solu* 
tion  in  alcohol  on  spontaneous  evaporation  deposited  lai^e 
rhombic  crystals.  This  acid  has  the  composition  CguHnNOg. 
It  forms  salts  with  baryta,  and  oxyde  of  silver,  and  the  alka- 
lies, which  are  more  soluble  in  hot  than  cold  water.  In  cold 
fuming  hydrochloric  acid,  toluric  acid  is  soluble.  K  the 
solution,  after  short  ebullition,  is  allowed  to  cool,  toluric  acid 
crystallizes  from  it  unchanged.  But  when  this  solution  is 
boiled  during  several  hours,  the  hydrochloric  acid  being  re- 
placed  as  it  evaporates,  and  is  lastly  evaporated  to  dryness,  a 
residue  remains,  which  may  be  separated  in  two  by  treatment 
with  water.  This  fluid  leaves  an  amorphous  substance  im- 
dissolved,  which  may  be  recognised  as  toluylic  acid,  and 
transformed  into  the  silversalt ;  the  solution,  ajfter  saturation 
with  ammonia,  evaporation,  and  addition  of  alcohol,  leaves  a 
precipitate,  which  is  glycocoU.  It  may  be  identified  by  its 
property  of  dissolving  oxyde  of  copper  in  watery  solution,  in 
wliich  ^eohol  produces  a  precipitate  of  oxyde  of  copper  gly- 
cocoll. 

Toluylic  acid,  therefore,  like  benzoic  acid,  combines  with 
glycocoll  in  the  animal  economy,  water  being  eliminated. 

CuHjO,  +  C.HjNOi  —  2HO  =  C,aH„NO„ 
BcDEoic  «dd.        GljcoMll.  Hip|iuric  icid. 

CwHsO,  +  C.HjNO^  — 2H0  =  CjoH„NOs. 

ToIu>!ic  *dd.       Glycocoll.  Toluric  acid. 


The  third  acid  of  the  benzoic  series,  cum 
exhibit  this  copulative  property. 


nic  acid,  does  not 
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ElcmontB  :  C,jil,0^  or  CnH.O, 


■S;}"^ 


BortaKuini  took  about  6  (grammes  of  this  add  in  hourly 
floKK  of  0'25  f^niiMinett.  On  the  tirat  day  there  was  no  ioconve- 
iiicnco  attciidiu^  the  ex|icriraei»t ;  on  the  sccoud  day,  how- 
dvrr,  he  Ruil'ercd  from  continued  noises  in  his  ears,  and  a 
ntniaation  of  bein^;  narcotized.  The  same  symptoms  occurred 
iu  a  RtHxiud  en|HTiuiL'iit,  m  which  about  7  5  grammes  were 
taken  in  iiue«'Hi>ive  doHen.  Already,  an  hour  after  the  iujec- 
tioii  of  thp  first  doBo,  the  urine  gave  a  violet  reaction  on  the 
addition  of  oaltv  of  in>u,  a  peculiarity  which  continued  during 
the  entire  duration  of  the  experiment,  and  was  yet  present, 
thoufch  faintly,  for  forty-eight  hours  alter  the  laat  higestion 
of  H&ueylic  acid.  The  acid  urine  was  cvapomted  down  to  a 
small  bulk,  and  put  aside  for  erj-stallixation  of  the  salts.  The 
decanted  liquid  wiia  stron^dy  acidified  with  hydrochloric  acid, 
and  repeatedly  digested  with  ether.  The  ethereal  solutions, 
on  evaporation,  left  a  strongly  acid  fluid,  which,  on  tnrther 
evaporation,  deposited  crjstals.  These  were  purified  by 
preiaing  between  paper,  reerystallizatiou,  and  treatment  with 
animal  charcoal.  The  subetance  so  obtained  was  a  inLxture  of 
small  needle*,  and  largo,  glistening,  needle-shaped  crystals, 
which  latter  apjteAred  to  be  volatile  on  being  heated.  The 
•ci>aration  of  the  two  substances  whs  effected  by  beating  the 
miitnrc  to  fi-om  1-10°  to  150°  C.  (SHfto  30^°  F.)  in  a  current 
of  air.  The  volatile  body  proved  to  be  salicylic  acid :  the 
body  which  remained  after  recirstallization  contained  nitro- 
gen, had  tiie  com|>osition  CirtlLNOs,  and  the  properties  of  an 
acid.  It  dissolved  in  warm  hydrochloric  acid,  and  on  cooling 
crvatallizcd  from  the  solution.  By  protracted  boiling  of  this 
solution  in  hydrochlorie  acid,  it  was  decomposed,  and  from 
the  mixture,  after  neutralization  of  the  hydrocldoric  acid  by 
means  of  carbonate  of  lime  in  pieces,  ether  extracted  salicylic 
acid.     In  solution  there  remained  glycocoll. 

CnH,0«  +  C,H,NO^  —  2UO  =  C,gH,NOg. 


tVom  the  analogy  to  hippuric  acid,  Bertagnini  was  induced 
to  give  the  name  of  salicyluric  acid  to  this  new  copulated 
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From  its  solution  in  hot  water,  salicyluric  acid  cryBtalliitea 
in  concentric  groups  of  thin  glistening  needles.  It  lias  a 
bitter  taste  and  a  strongly  acid  reaction.  It  is  easily  soluble 
in  boilingj  little  soluble  in  cold  water,  easily  soluble  in 
alcohol,  less  in  ether.  These  solutions  impart  a  violet  coloiir 
to  salts  of  osyde  of  iron,  which  colour  disappears  under  the 
influence  of  concentrated  acids.  It  fuses  at  1(10°  C.  {320°  F.) 
without  lose  of  weight,  and,  on  cooling,  solidities  into  an  in- 
distinctly crystalline  mass.  Towards  170°  C.  (338"  F.)  it 
begins  to  get  brown,  apd  is  decomposed,  salicylic  acid  being 
volatilized.  If  heated  rapidly,  it  swells  up,  evolves  ammonia, 
and  leaves  charcoal,  which  is  combustible  without  leaving  any 
residue. 

When  to  a  boiling  solution  of  the  acid  in  water  carbonate 
of  lime  or  baryta  is  added,  an  evolution  of  carbonic  acid 
takes  place,  and  the  solution  contains  a  salt  of  the  acid  with 
the  respective  oxyde.  These  salts  are  little  soluble  in  cold 
water.  There  is  also  an  insoluble  lime-salt  obtained  by  the 
addition  of  small  portions  of  milk  of  lime  to  a  hot  solution 
of  the  acid,  untd  the  mixture  solidifies  into  a  mass  of  glisten- 
ing scales.  From  this,  Bertagnini  believes  salicyluric  acid  to 
be  a  bibasic  acid. 

Solicylous  acid  reappears  in  the  urine  unchanged.  (Wiililer 
and  Frerichs.) 


8.    CAMPBOSIC  ACID. 


CjoHigOg,  0 


2H0,  CjoH,40g,orCaoHu0^i  _ 


Bertagnini'  took  12  grammes  of  this  acid  in  doses  of  about 
0*5  grammes,  distributed  over  two  days,  without  experiencing 
any  inconvenience.  The  urine  which  was  passed  during  that 
time  was  strongly  acid,  and  contained  unchanged  camphoric 
acid.  It  was  condensed  to  one  third  of  its  original  volume; 
and,  after  addition  of  some  hydrochloric  acid,  a  crystalline 
deposit  ensued.  When  the  mother-liquor  was  shaken  with 
ether,  the  latter,  after  evaporation,  deposited  another  quantity 
of  brown  crystals.  These  were  treated  with  milk  of  lime, 
whereby  a  soluble  lime-salt  was  obtained,  which  was  decom- 
posed by  hydrochloric  acid,  whereupon  a  white  crystallized 
substance  was  obtained,  having  all  the  properties  and  the 
composition  of  camphoric  acid.  * 

'  -11  nuova  Cimenlo,';,  3G3.     '  Ann.  d.  Chem.  uti'l  Plianii,,'  ic.ii,  p.  218. 
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9.    ANISIC   ACID. 

Elements:  CitiUfi^. 

Bertagnini  took  about  6  grammes  of  anisic  acid  in  the 
course  of  two  days.  It  caused  a  sensation  of  heaviness  in  the 
stomach.  The  urine  had  a  strongly  acid  reaction;  and,  after 
evaporation,  addition  of  hydrochloric  acid,  and  shaking  with 
ether,  anisic  acid  was  obtamed  firom  the  latter  by  evaporation, 
and  ideutified  by  dementaiy  aiudysiB. 


10.   CUMINIC   ACID. 

Elements:  HO,  C»HnOa,  or  C^HnOalri 

When  Kletzinsky^  took  a  salt  of  cuminic  acid,  he  could  find 
it  again  in  the  urine.  Hofinann  and  Kraut  hoQk  found  cumi- 
nic acid  to  reappear  unchanged  in  the  urine. 

1  HeUer'i  '  Archiv/  toI.  yi,  p.  95. 


CHAPTER  XLV. 
UEOPHANIC    OEGANIC   BASES. 


The  subatances  here  to  be  considered  may  be  innocuoua 
matters,  or  medicines,  or  poisons.  In  respect  of  these  two 
latter  classes,  the  auidysia  of  the  urine  becomes  of  peculiar 
importance  as  a  key  to  the  knowledge  of  the  mode  of  action 
of  medicines  in  the  system,  or  as  a  guide  to  the  discovery  of 
the  nature  of  a  poison,  under  the  influence  of  which  an  indi- 
vidual is  labouring,  or  has  died.  Thus  the  analysis  of  the 
urine  may  lead  to  the  prevention  of  some  of  the  most  hideous 
crimes,  with  which  the  annals  of  toxicology  have  been  filled 
of  late.  The  merest  trace  of  strychnia  administered  in  any 
form  makes  its  reappearance  in  the  urine.  Axsenic  and  an- 
timony, when  administered  as  slow  poisons,  as  has  been  ascer- 
taiued  to  liave  been  the  case  in  several  notorious  instances, 
may  in  every  case  be  detected  in  the  urine.  Thus  to  the 
watchful  medical  practitioner  an  almost  infallible  source  of 
information  is  afforded  in  cases  where  the  ordinary  sources 
of  symptomBtology  leave  him  in  the  dark,  or  at  the  best  in 
doubt. 


1.      QUININE    AND    QDINIDINE. 

Elements  of  Quinine ;  C^H34N;,04. 
Elements  of  tiuinidinc :  C„HhN.jO,- 

Dr.  Herapath'  has  discovered  a  process  by  which  it  is  pos- 
sible to  obtain  demonstrative  evidence  of  the  presence  of 
quinine  in  urine,  in  quantities  so  exceedingly  minute,  that 
they  would  be  perfectly  inappreciable  by  any  other  process. 

'  ■  Quiirlerly  Journ.  of  Miufui,  Sc..'  No.  v,  Oclober,  1BS3.  p.  13. 
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The  fiamc  method  (hy  a  slight  modification)  has  also  ^ul 
Dr.  Herapath  to  prove  the  fact,  that  quinidinc,  like  quinine, 
escapes  from  the  system  by  the  kidneys  in  an  unaltered 
Btate. 

The  subject  ftimishing  the  urine  for  examination,  wa«  a 
man  aufferiug  from  tetanus,  in  consequence  of  an  injury  to 
the  great  toe.  Amputation  was  performed  at  the  Bristol 
Infirmary,  by  Mr,  Morgan.  The  tetanic  symptoms  were  at 
first  treated  by  the  exhibition  of  five  grains  of  the  disuluhates 
of  quinine  and  quinidiiie,  with  half  a  grain  of  cannabis  indica, 
every  three  hours,  He  consequently  took  forty  grains  of 
mixed  diaulphatcs  in  the  period  of  twenty-four  hours. 

The  urine  had  a  greenish -yellow  appearance,  and,  U] 
standing,  deposited  a  hrowniish -yellow  sediment 
a  slightly  acid  reaction,  and  had  a  specific  gravity  of  1 
The  sediment  examined  by  the  microscope,  showed  prisi 
and  lozenges  of  uric  acid,  together  with  amorphous  urate 
ammonia.  The  fluid  urine  was  cautiously  decanted  &om  t1 
amorphous  and  crystalline  deposits, 

a.  Half  a  pint  of  this  urine  was  treated  with  liquor  po- 
tassse  until  decidedly  alkaline;  it  was  then  repeatedly  agi- 
tated with  pure  washed  ether ;  the  ethereal  solution  hating 
had  time  to  separate  by  repose,  was  carefully  removed  by  a 
pipette;  and  having  been  transferred  to  a  counterpoised  test- 
tube,  it  was  evaporated  to  dryness  in  a  warm  water  bath; 
the  residue  weighed  079  grain  after  being  kept  at  212"  F,, 
until  no  further  loss  of  weight  occurred.     (Method  of  Stas.) 

b.  A  magma  of  phosphates  and  adherent  alkaloid  still 
mained  above  the  urinous  substratum ;  this  was  also  remo 
by  a  pipette,  and  transferred  to  a  porcelain  capsule,  evapo^ 
rated  to  drjiiess  at  212*  F.,  and  this  residue  exhausted  *  ^ 
ether,  the  ethereal  solution  evaporated  to  dryness  by  a  warm 
water  bath  as  before,  and  the  residue  dried  at  212",  gave  0' " 
grain   additional   alkaloid.      Therefore,    0/9  -i 
^ains  of  alkaloids  were  obtained  by  these  two  operations 
from  the  eight  lluid  oniices  of  urine. 

Now,  to  determine  if  it  contained  quinine,  the  followiof ,{ 
process  was  adopted : 

Teat  fluid.     To  a  mixture  of  three  draehms  of  pure  acel 
acid  with  one  draehm  of  alcohol,  six  drops  of  diluted  bu1«^ 
phuric  acid  (one  acid  to  nine  water)  were  addt:d. 

One  drop  of  this  test-fluid  is  to  be  placed  on  a  glass  slii 
and  the  merest  atom  of  the  alkaloid  added ;  time  given  ft 
solution  to  take  place ;  then,  ujKin  the  tip  of  a  very  fine  gl 
rod,  a  very  minute  drop  of  tincture  of  iodine  added :  if  qi 
nine  be  present,  the  first  effect  is  the  production  of  the  yelli 
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or  cinnamon -brow  a  coloured  compound  of  iodine  and  qui- 
nine, which  shows  itself  as  a  small  circular  spot,  whilst  the 
alcohol  separates  in  little  drops,  which,  by  a  sort  of  repulsive 
movement,  drive  the  tiuid  away ;  after  a  time  the  acid  liquid 
affain  flows  over  the  spot,  and  the  polarizing  crystals  of  sul- 
phate of  iodo-quiniue  arc  slowly  produced  in  beautiful 
rosettes;  this  experiment  succeeds  best  without  the  aid  of 
heat. 

To  render  these  crystals  evident,  it  merely  remaitia  to 
bring  the  glnas  slide  upon  the  field  of  tlie  microscope  (having 
half-incli  objective  and  lowest  pow^er  eye-piece),  with  the  sele- 
nite  stage  and  single  tourmaline  beneath  it:  instantly  the  crys- 
tals assume  the  two  complementary  colours  of  the  stage ;  red 
and  grecHj  supposing  the  piuk  ata^^e  is  employed,  or  blue  and 
yellow,  provided  that  the  blue  selenite  is  made  use  of — all 
those  crystals  at  right  angles  to  the  plane  of  the  tourmaline 
producing  that  tint,  which  an  analysing  plate  of  tourmaline 
would  produce  when  at  right  angles  to  the  polariziug  plate ; 
whilst  those  at  90°  to  these  ed)ice  the  complementary  tint,  in 
the  same  manner  as  the  analysing  plate  would  have  done  if 
it  had  been  revolved  through  an  arc  of  90°.  (I'ide  Plate  VI, 
fig.  3.) 

Not  only  do  these  peculiar  crystals  act  in  the  way  just  re- 
lated, but  they  may  be  easily  proved  to  possess  the  whole  of 
the  optical  properties  of  that  remarkable  salt  of  quinine,  so 
fiilly  described  by  Dr.  Herapatb,  in  the  '  Phil.  Mag.'  for 
March,  1852 ;  the  chemical  analysis  of  which  was  pub- 
lished in  the  number  for  September  of  the  same  year.  In 
fact,  these  crystals  are  perfectly  identical  with  the  sulphate 
of  iodo-quinine,  and  have  the  composition 

C^H^HNaO^  .  I,  .  2(H0  .  SOJ  +  lOHO. 

To  test  for  quinidine  it  is  merely  necessary  to  allow  the 
drop  of  acid  solution  to  evaporate  spontaneously  to  dryness 
upon  the  glass  slide  (before  and  without  the  addition  of 
iodine),  and  to  examine  the  crystalline  mass  by  two  tour- 
malines crossed  at  right  angles,  and  without  the  selenite 
stage  J  immediately  little  circular  disks  of  white,  with  a  well- 
defined  black  cross  very  vividly  shown,  start  into  existence, 
should  quinidine  be  present  even  in  minute  quantities. 
(Plate  vi,  fig.  4.)  This  figure  was  drawn  from  a  slide  pre- 
pared by  Dr.  Herapath,  from  the  urine  of  the  same  patient ; 
about  one  twentieth  part  of  a  grain  of  the  ethereal  extract 
waa  used  by  him  in  the  manner  described. 

Quinidine  ia  generally  found  in  the  urine  if  "  hospital  qui- 
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nine,"  or  that  of  the  British  Alkaloid  Company,  has  beeu 
employed;  these  drugs  severally  coutain  a  very  large  per 
centagc  of  quinidinc;  the  former  at  least  50,  the  latter 
about  20  per  cent.  But  Jloward's  disulphate  of  quinine 
scarcely  contains  5  per  cent,  of  qutnidine.  Thcae  substances 
arc  easily  separated,  in  consequence  of  the  much  greater 
solubility  of  the  disulphate  of  qiiinidine  in  cold  water,  thus- 
One  part  of  disulphate  of  quinine  requires  740  parts  wal 
at  60". 

One  part  of  disulphate  of  quinidine  requires  340  pi 
water,  at  55°. 

So  that  the  latter  salt  is  more  than  twice  as  soluLle  as 
former. 

If  we  employ  the  selenite  stage  in  examining  this  obji 
depicted  at  fig.  4  of  Plate  vi,  the  black  cross  at  once  disap- 
pears, and  is  replaced  by  one  which  consists  of  two  colours, 
being  divided  into  a  cross  with  a  red  and  a  greeu  fringe, 
whibt  the  four  intermediate  sectors  are  of  a  rich  orange 
yellow ;  these  appearances  alter  upon  the  revolution  of  thi 
analysing  plate  of  tourmaline.  When  the  blue  stage 
ployed,  the  cross  will  assume  a  blue  or  a  yellow  hue,  accord- 
ing to  the  position  of  the  analysing  plate. 

These  phenomena  are  analc^us  to  those  eihibited  by 
tain  crystals  of  boracic  acid,  and  also  by  the  circular  di^ks 
salicine   (prepared  by  fusion  by  Mr.  Johu   Thwaites), 
difference  being  that  the  salts  of  quinidine  have  more  intf 
depolarizing  powers  than  either  of  the  other  substances 
the  mode  of  formation  effectually  eseludes  these  from  conti. 
deration.     Quinine  prepared  in  the  same  manner  as  the  qui- 
nidine  has  a  very  different  mode  of  crystallization ;  but  it 
occasionally  presents  circular  corneous  plates,  also  exhibit- 
ing the  black  cross  and  white  sectors,   but   not   with   one' 
tenth  part  of  the  brilliancy,  which  of  course  readily  euabi 
us  to  discriminate  the  two. 

Dr.  Herapath  having  shown  in  his  previous  papers  tl 
none  of  the  vegetable  dlialoids,  when  treated  with  sulphuric 
acid  and  iodine,  possess  the  power  of  forming  crystalline  com- 
pounds of  similar  properties,  and  these  artificial  quinine 
tourmalines  being  pre-eminent  in  their  action  on  light,  it 
follows  that  the  existence  of  these  crystals  is  a  demonstration 
of  the  presence  of  quinine. 

The  above  patieut  was  taking  40  grains  of  the  disulphates 
of  quinine  and  quinidine;  there  were  found  14  grains  of 
alktdoids,  which  would  be  equivalent  to  1  -884  of  the  disul- 
phate ;  aiul  if  the  patient  voided  three  pints  of  urine  in 
twenty-four  hours,  we  should  only  account  for  11-304 
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of  the  remedy  employed,  leaving  a  deficiency  of  30  grains 
nearly,  either  to  bo  assimilated  by  the  body,  or  to  be  de- 
atroyed  in  its  transit  through  the  vascnlar  system,  or  lost 
froxa  other  causes. 

It  would  be  interesting  to  undertake  a  series  of  experi- 
ments to  determine  whether  other  eiicretions  of  the  patient 
contain  this  remedy,  and  also  to  discover  what  length  of  time 
elapees  after  ingestion,  before  all  evidence  of  its  elimination 
by  the  kidneys  ceases ;  this  being  done,  we  may  be  in  a  posi- 
tion to  say  what  the  medical  eguivaleni  of  quinine  may  be  in 
a  given  disease. 


2.    STBYCUNtNE. 

Elements:  C^U^lSp^. 

Strychnine,  when  introduced  into  the  animal  economy  in 
any  noteable  quantity,  per  example,  in  the  ordinary  medical 
doses  at  from  one  tenth  to  one  twentieth  of  a  grain,  re- 
peated at  intervals,  reappears  in  the  urine.  The  analysis  of 
the  urine  may  therefore  be  useful  for  discovering  attempted, 
or  effected  poisoning  by  strychnine. 

The  diagnostic  properties  of  strychnine  are,  its  hitter  taste, 
even  in  extremely  dilute  solutions,  and  the  violet  and  blue, 
or  purple  reaction,  under  the  influence  of  bichromate  of 
potash  and  sulphuric  acid.  It  is  little  soluble  in  water, 
alcohol,  or  ether,  more  soluble  in  boiling  alcohol,  and  crystal- 
lizes from  this  solution  on  cooling.  Its  acid  salts,  however, 
are  easily  soluble  in  water  and  alcohol,  and  may  by  means  of 
that  property  be  extracted  from  organic  substances.  The 
residue  of  this  extraction  by  water  and  alcohol,  containing 
the  acid  salts,  having  been  made  alkaline  by  caustic  potassa, 
yields  all  its  strychnine  to  ether,  which,  after  evaporation, 
leaves  it  more  or  less  pure.     (Method  of  Stas.) 


Mode  oj  obtaining  Strychnine  from  Urine. 

In  order  to  obtain  strychnine  from  urine,  it  is  only 
necessary  to  evaporate  this  fluid  to  the  consistence  of  a  thin 
syrup,  to  make  it  strongly  alkaline  by  caustic  potassa,  and  to 
shake  it  with  large  and  repeated  quantities  of  ether.  The 
ethereal  solution,  which  is  only  obtained  after  some  standing, 
and  sometimes  only  after  the  addition  of  some  alcohol,  is 
evaporated,  and  the  residue  treated  with  concentrated  sul- 
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phuric  acid  on  the  water-hath.  After  several  hours'  digestion 
the  arid  is  neutralised  by  carbonate  of  soda,  the  fluid  is  then 
made  alkaline,  aud  again  extracted  with  ether,  which  after 
c^'aporation  wilt  leave  stiyehiune,  to  be  tested  by  the  taste, 
and  by  the  reaction  with  bichromate  of  potassa  and  sulphuric 
acid.  This  latter  reaction  is  test  effected  in  the  following 
manner.  The  solution  in  water  of  the  supposed  alkaloid  is 
placed  in  a  small  china  dish,  and  after  evaporation  to 
dryness,  at  a  low  temperature,  is  dissolved  in  a  drop  or 
several  drops  of  sulphuric  acid.  This  solution  is  now  spread 
over  the  space  of  about  a  four-penny  piece.  A  small  granule 
of  bichromate  of  potash  is  now  dropped  into  the  solution. 
On  moving  the  fluid,  by  giving  the  china  dish  different  in- 
clinations, violet  streaks  are  perceived  to  flow  from  the 
granule  of  bichromate,  and  oo  moving  the  crystal  to  and  fro 
in  the  fluid,  by  means  of  a  glass  rod,  the  entire  solution 
soon  assumes  a  fine  purple  colour.     (Otto.) 

One  grain  of  a  solution  of  strychnine,  containing  one 
forty-thousandth  part  of  a  grain  of  solid  strychnine,  yielded 
this  test  quite  clearly.  Five  tlrops  of  the  same  solution 
brought  upon  the  tongue,  had  a  decidedly  bitter  taste ;  on 
some  occasions  two  or  three  drops  would  permit  the  bitter- 
ness to  be  recognised. 


3.    SANTONINE, 


Elements:  C,H,0.  or  Ca,HBOg. 

When  santonine  is  administered  internally,  the  normal 
urine  docs  not  appear  to  have  uudergone  any  change  when 
afterwards  passed.  If  the  urine  be,  however,  by  any  accident 
alkaline,  it  has  a  fine  red  colour.  In  the  acid  and  un- 
changed urine  passed  after  the  ingestion  of  santonine,  this 
red  colour  may  be  produced  by  ammonia,  and  the  fixed 
alkalies  and  earths,  also  by  the  carbonates,  tribasic  phos- 
phates, and  borates  of  the  alkalies.  The  phosphates,  which 
are  thereby  precipitated,  arc  coloured  red  by  adhering  pig- 
ment. If  this  alkaline  red  urine  is  left  to  stand,  it  sooner  or 
later  becomes  yellow  again,  and  the  red  colour  cannot  again 
be  produced  by  either  acids  or  alkalies.  The  red  colour  of 
urine,  produced  in  common  acid  yellow  urine  passed  after 
ingestion  of  santonine,  may  be  made  to  disappear  quickly 
by  shaking  with  oxygen  gas,  or  by  passing  ozone  through  it, 
which  latter  is  perfectly  absorbed  during  its  passage. 

Kletztusky  took   santonine  in  doses  increased    gradut 
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from  one  bnlf  to  three  grains.  Fifteen  grmna  had  besides  a 
slight  diuretic,  uo  other,  effect.  Twenty  hours  after  inges- 
tion, the  last  traces  of  the  urinary  pif^cnt  produced  by  the 
sautoniue  could  be  perceived  in  the  urine. 

This  observer  diBsolved  santonine  in  a  hot  solution  of 
caustic  potassa  in  alcohol,  and  piussed  ozonized  air  through 
the  solution,  which  was  kept  hot  in  a  water-bath.  The  solu- 
tion became  rod,  but  aftcnvards  the  colour  changed  into 
yellow,  whieh  did  not  undergo  any  further  modification. 
The  ozonized  air  now  passed  through  the  solution.  The 
alkaline  solution  after  neutralization  with  acetic  acid  was 
evaporated  to  remove  tlie  alkohol,  and  after  dilution  with 
water  precipitated  by  an  excess  of  neutral  acetate  of  lead. 
,  The  yellow  flaky  precipitate  was  washed  with  boiling  water, 
removed  into  a  flask,  suspended  in  alcohol,  and  treated 
with  hydrothiou.  The  filtrate  was  freed  fi'om  hydrothion, 
treated  with  animal  charcoal,  untU  it  was  colourless,  and 
lastly  evaporated.  The  residue  was  acid,  and  left  colourless 
rhombic  prisms,  which  burned  on  platinum  foil  without  resi- 
due, under  evolution  of  vapoura,  having  an  irritating  influ- 
ence upon  the  air- passages.  Their  solution  was  neutralised 
by  ammonia ;  in  this  neutral  solution,  salts  of  iron  produced 
a  brownish-yellow  precipitate,  salts  of  manganese  no  reaction. 
It  was  therefore  probable,  that  the  prisms  were  an  acid  of 
the  succinic  group.  The  lead  salt  yielded  66225  per  cent, 
(calcul.  6G-18)  of  oxyde  of  lead.  The  crystals  of  the  acid 
yielded  by  combustion  with  oxyde  of  copper,  figures  equal  to 
5  equivalents  of  carbon,  39  equivalents  of  hydrogen,  and  by 
deficit  1  equivalents  of  oxygen,  which  corresponds  to  the 
formula  CjH^O^,  or  C^Ufig  +  UO,  being  the  hydrate  of 
lipinic  or  pyrotartaric  acid. 

Between  santonine,  CjHjO,  and  lipinic  acid,  CjH^Oj,  a 
substance  may  be  supposed  to  exist  of  the  formula  C^H.^O^ 
lipinous  acid,  urophanic  pigment  of  cinna,  being  perhaps  the 
red  pigment  in  alkaline  urine  after  ingestion  of  santonine. 
The  direct  proof  of  this  assumption  is,  however,  yet  wanting. 
Like  sennine,  rhamnine,  and  rhcine,  this  urophanic  santo- 
neine  is  a  pigmeoto-rcsinous  acid,  and  one  of  a  group  nearly 
related  to  the  succinic  series.  Santonine  from  this  may  be 
considered  as  oxyde  of  lipine,  CjH,  +  O. 

The  equivalent  of  santonine  has  been  determined  to  be 
CigHjgOK  from  its  compound  with  soda, 

NaO.Cj^HigOs  +  SHO. 
The  newest  formula  for  pyrotartaric  acid  is  2  HO  .  C,|,HgOg. 
If  santonine  is  to  he  transformed  into  tins  acid  without  any 
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further  dianges  tlian  the  accessioii  of  oxygen^  12  equivalents 
of  this  latter  and  six  of  water  would  have  to  join  one  equi- 
valent of  santonine,  and  this  compound  by  separation  would 
form  three  atoms  of  pyrotartaric  acid.  It  is  scarcely  neces- 
sary to  state  that  this  metamorphosis  requires  further  con- 
firmation. 


CHAPTER  XLVI. 
UROPHANIC  INORGANIC  SUBSTANCES. 


1.    IODINE. 

Iodine  is  frequently  used  as  a  medicine,  sometimes  rather 
indiscriminately.  In  other  cases,  its  efforts  are  irregular, 
though  it  has  been  given  with  a  due  regard  to  experience.  It 
is  necessary  to  ascertain  the  reasons  of  this  variahle  action  j 
and  for  this  purpose  the  analysis  of  the  urine  will  beat  serve. 
For  one  of  the  principal  reasons  why  iodine  and  its  pre- 
parations are  borne  very  well  by  some,  and  have  injurious 
effects  in  others,  is  the  varying  length  of  time  required  for 
its  removal  from  the  body.  Thus  Lehmann  fotmd  that, 
when  several  persons  had  each  taken  a  dose  of  10  grains  of 
iodide  of  potassium,  some  would  immediately  begin  to  ex- 
crete it  in  their  urine,  which  after  the  lapse  of  twenty-four 
hours  no  longer  contained  any  trace  of  the  iodide.  In 
others,  however,  the  iodide  could  frequently  be  found  even 
after  the  lapse  of  three  days.  Supposing  the  daily  dose  of 
10  grains  to  have  been  administered  for  a  length  of  time  to 
these  two  classes  of  people,  the  first  class  would  most  pro- 
bably never  have  at  one  time  more  than  10  grains  of  the 
iodide  in  their  body,  while  the  latter  might  have  30  or  40 
grains  in  their  body  at  one  time.  Not  only,  therefore,  would 
the  action  of  the  drug,  in  these  latter  cases,  go  parallel  to  the 
quantity  present,  but  also  it  would  last  much  longer;  and  in 
this  way  equal  doses  at  equal  interrals  might  in  the  latter 
class  produce  four  times  the  effect  they  would  produce  in 
the  first  class.  In  some  cases,  therefore,  where  an  explana- 
tion of  an  estraordinaiT  mode  of  action  of  iodine  or  iodides 
may  be  necessary  or  desirable,  the  analysis  of  the  urine 
will  I>e  the  chief  source  for  information  on  this  point, 
26 
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due  consideration  being  given  to  other  excretions,  by  wbicli 
iodine  is  removed  from  the  economy 


Volumelrical  analysis  of  Iodine  in  the  Urine. 
Keralinff's  Method. 

This  method'  is  based  upon  the  fact,  that  a  very  dilute 
solution  of  iodine  or  an  iodide  yields  all  the  iodine  by  distilla- 
tion with  sulphuric  acid.  lu  the  distillate,  the  amount  of  iodine 
is  determined  by  a  solution  of  chloride  of  suboxyde  of  palladium 
of  known  strength.  In  the  performance  of  this  analysis,  care 
must  be  taken  never  to  have  an  exce»»  ofthe  solution  of  iodine 
mi-ted  with  the  solution  of  palladium,  as  in  that  case  the 
fluid  does  not  get  clear  very  quit'kly,  and  the  precipitate  of 
iodide  of  palladium  adheres  to  the  walls  of  the  glass.  But 
when  the  solution  of  palladium  is  present  in  slight  excess 
together  with  a  little  hydrochloric  acid,  and  the  mixture  is 
warmed  to  from  60=  to  100°  C.  (140°  to  212°  P.),  and  agitated, 
the  iodide  of  palladium,  after  a  few  seconds,  separates  in 
black,  cheesy  flakes,  and  the  supernatant  fluid  is  perfectly  clear 
and  colonrlcss.  In  performing  the  analysis,  therefore,  to  a 
known  volume  ofthe  solution  of  palladium  of  known  strength, 
such  a  vohime  of  the  solution  of  iodine  to  be  analysed  is 
added,  as  is  just  sufficient  to  precipitate  the  entire  amount 
of  palladium  in  solution.  This  analysis  is  so  accurate,  that 
j^nth  milligramme  of  iodine  may  be  determined  hy  means 
of  the  palladium,  and  Tnti'.oTint''  milligramme  of  palladium 
hy  means  of  iodine.  The  method  is  therefore,  in  one  sense 
ten  thousand  times  more  delicate  than  chemical  scales  of 
the  highest  order.  The  chemical  balance  which  I  employ, 
one  by  Liebrich,  at  Giessen,  will  turn  with  ('jth  milligramme, 
when  loaded  with  100  grammes  on  each  side.  It  therefore 
indicates  one  millionth  of  the  weight  which  it  is  capable  of 
carrying.  The  balance  has  therefore  a  disadvantage  when 
compared  with  voluroetrical  analysis,  in  not  being  so  able  to 
combine  quantity  with  accuracy ;  the  dilution  of  teats  enables 
us  to  produce  a  delicacy  regarding  quantities,  which  we  might 
in  vain  endeavour  to  attain  by  mechanical  appliances. 

Preparation  of  Solution  of  Iodide  of  Poiaanum  of  knoien% 
strength. 

This  solution  is  to  be  bo  graduated  that  every  part  of 
it  contains  TiAnjtli  pirt  of  iodine.     For  that  purpose  1-308 
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granules  of  dry  iodide  of  potassium,  perfectly  free  from 
iodate  of  potsah,  are  dissolved  in  water,  and  the  solution 
is  diluted  until  amounting  to  one  litre.  1  c.c.  of  this  solu- 
tion contains  1  milligramrae  of  iodine,  as  1-308  grammes  of 
iodide  of  potassium  contain  1  gramme  of  iodine. 

(126-88  :  16599  =l:x=  1308.) 

Solution  of  Chloride  of  Suboxyde  of  Palladium  of  knovn 
ttrtngth. 

We  prepare  a  solution  of  palladium  of  unknown  strength, 
and  graduate  it  by  meaiiA  of  the  solution  of  iodide  of  po- 
tassium, just  described.  1  gramme  of  the  metal  is  dis- 
solved in  aqua  regia,  with  the  aid  of  heat,  and  evaporated  to 
dryness  on  the  water-bath.  After  solution  of  the  residue  in 
50  c.c.  of  concentrated  hydrochloric  acid,  water  is  added  to 
the  amount  of  about  20(X)  c.c.  The  exact  amount  of  palla- 
dium contained  in  a  given  volume  is  now  determined  by 
means  of  the  solution  of  iodide  of  potassium  of  known 
strength,  in  the  following  manner.  10  c.c.  of  the  solution 
of  palladium  to  be  graduated,  are  put  into  a  balloon  of 
about  200  c.c.  capacity.  The  balloon  is  closed  by  a  cork- 
stopper,  and  warmed  in  a  water-bath,  to  near  boiling  heat. 
From  a  burette,  the  graduated  solution  of  iodide  of  potassium 
is  now  added,  tlie  mixture  shaken,  and  warmed  ^ain.  Four 
minutes  will  suffice  to  separate  the  mixture  into  a  precipitate, 
which  subsides  towards  the  bottom  of  the  vessel,  and  a 
clear  supernatant  fluid.  Of  the  latter,  two  portions  are 
each  put  in  a  test-tube.  To  the  one  portion,  a  few  drops 
of  the  solution  of  iodide  of  potassium  are  added ;  and,  by  com- 
parison with  the  other  test-tube,  we  find  whether  a  brownish 
tint  has  been  produced  by  the  iodide.  In  case  a  brownish 
precipitate  has  been  produced,  the  two  portions  are  again 
poured  back  to  the  main  bulk  of  fluid,  to  which  some  more 
solution  of  the  iodide  is  added  under  agitation,  and  warming, 
and  so  on,  mitil  in  a  fresh  portion  of  the  clear  supernatant 
duid  no  discoloration  is  produced  by  the  addition  of  the 
iodide  test  fluid.  At  this  stage  of  the  proceeding,  the  fluid 
is  separated  from  the  precipitate  by  filtration ;  and,  if  a 
sample  of  it  is  not  tinted  brown  by  either  solution  of  palla- 
dium or  iodine,  the  fluid  does  not  contain  a  trace  of  excess  of 
either  substance,  and  the  analysis  is  completed.  From  the 
equivalent  of  the  iodine  used,  the  amount  of  palladium  con- 
tained in  the  10  c.c.  used  for  analysis,  may  be  found  by 
calculation.     1    milligramme  of  iodine  is  equivalent  to  0'12 
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K3£naHBCB  of  DoJlafliiiiii,  vhiffa  m  tbeK&ae  dw  ttuatifcr 
inJiCTteH  Ih  every  cofaic  centimetre  of  the  gndaated  m^^tj-r* 
at  iodide  ot  potawiiani. 

Sappowng  tW  10  cj!-  of  colotiaB  of  cUohdc  of  paDadnon 
reqoifed  tor  the  aNBpletc  [— -iptMrinM  *if  J■a^l»^K^^Jn  eaatained 
in  it,  ll'Q  C.C.  of  gndaated  KihitiaD  of  udide  of  foUemm, 
cootMimag  11*9  mtlligraiinnca  of  iodiae,  then  the  ■■""■* 
of  palladinin  ooDtained  in  the  10  c.^  of  mhttion  was 
11-9X  0'42BuI^ninaiea  =  4-9g8aim^niBniea.  Thesme 
Vtdiune  of  *oiiition  of  palladinia  vtnild  therefore  leqniR  toch 
an  smoont  of  aolntioa  of  iodine  of  Miinovn  ctnngth,  aa 
voold  exactlj  cocuia  11*9  milligraiBiuca  of  iodine.  From 
the  anwnnt  thn*  oaed,  the  unoont  of  iodine  eoDtained  in  tlie 
entire  bulk  of  fluid  ia  ascertained  by  calenlatioD. 


Application  to  the  Urime. 

100  ce.  or  more  of  urine  are  mixed  with  20  ex.  of  ooB- 
centrated  lalpliaric  acid,  and  kept  in  a  cold  w-&ter-bath 
daring  the  first  violent  evolution  of  heat.  The  balloon  con- 
taining the  mixture  is  then  connected  with  Liebi^s  cooler, 
and  the  distillation  proceeded  with.  It  is  continned  until, 
in  the  neck  of  the  b&Uoon,  white  vapouiB  of  mlphuric  acid 
bcf^n  to  appear.  If,  bowcrer,  the  nrinc  contains  only  a 
rciy  small  amount  of  iodine,  any  measured  quantity,  after 
adtfition  of  an  excess  of  caostic  potash,  may  be  concentrated 
by  simple  einporation  of  the  water,  and  only  then  distilled 
with  suliihuric  acid  in  the  manner  described. 

The  clistillate  thus  obtniued  contains  ioduretted  hydrogen, 
all  Tulatile  adds  of  the  urine,  with  carbonic,  i^ulphurous,  and 
Mulpliuric  acids.  The  sulphurous  acid  must  be  oiydizcd,  be- 
fore the  fluid  can  be  subject  to  fitrther  analysiB.  This  ia 
effected  in  the  following  manner: — To  the  distillate  are 
added  one  or  two  drops  of  solution  of  starch  (made  of  1  part 
of  starch,  ynth  part  of  sulphuric  acid,  and  24  parts  of  water), 
and  afW  that  a  saturated  solution  of  chloride  of  lime  in 
dro{»>,  until  the  fluid  just  begins  to  get  blue.  The  blue 
colour  in  theu  again  made  to  disappear  by  one  or  two  drops 
of  a  dilute  solution  of  sulphurous  acid  in  water.  The  volume 
of  the  entire  solution  is  now  measured,  aud  the  necessary 
quantity  of  it  filled  into  a  Mobr's  burette,  and  from  this 
added  to  the  10  c.c.  of  solution  of  nhloride  of  palladium  in 
the  mamier  above  described,  until  tbc  entire  amount  of 
palladium  is  precipitated. 

Thus,  if  100  c.c.  of  urine  yielded  %  c.c.  of  distillate,  and 
if  of  this  distillate  12  c.c.  were  required  for  precipitating  the 
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4-998  milligrammes  of  palladium  from  the  lOc.c.  of  solution, 
then  the  12  c.c.  contaiu  11  9  milligrammes  of  iodine. 
(53-2 1 :  12G-88  =  4-998 :  j;.)  The  9fi  c.c.  of  rliatiUate  there- 
fore, corresponding  to  100  c.c.  of  urine,  contain  8  x  11'9 
milligrammes  =  95-2  milligrammes,  =  00952  grammes  of 
iodine. 


2.    ARSENIC    AND    ANTIMONY. 

In  cases  where  these  metals,  or  either  of  them,  shoidd  be 
present  in  urine  in  any  considerable  quantity,  they -would  be 
precipitated  as  sulphides  by  a  current  of  nydrothion  con- 
ducted through  the  acidified  liquid.  But  mostly  their  quan- 
tities are  very  small,  not  so  much  because  those  poisons  are 
sparingly  eliminated  by  the  kidneys,  as  because  (in  casea  of 
poisoning),  the  urine  containing  the  largest  proportion  is 
mostly  not  to  be  obtained. 

When  these  substances  have  been  administered  to  any  per- 
son, either  in  medicinal  doses,  or  by  accident  or  criminal 
design,  the  urine  of  the  patient  voided  some  time  afterwards, 
almost  always  contains  some  arsenic  or  antimony,  so  that 
Orfila  was  induced  to  recommend  a  diuretic  treatment  in 
cases  of  poisoning  by  either  of  these  substances. 

IMnsch's  Mel/tod  of  obtaining  Arsenic  and   Antimonij  from 
Urine} 

The  urine  ia  evaporated  to  a  small  bidk,  and  then  from 
one  sixth  to  one  seventh  of  its  volume  of  pure  hydrochloric 
acid  is  added  to  it.  It  is  boiled ;  and  while  boiling,  a  small 
piece  of  thin  copper  foil,  freshly  brightened  by  nibbing  with 
some  oxalic  or  hydrochloric  acid  and  paper,  or  a  piece  of  fine 
copper- gaiize,  is  introduced.  Sooner  or  later,  according  to 
the  quantity  present,  antimony,  or  arsenic,  or  both,  are  de- 
posited on  the  copper,  producing  a  blackish  grey,  or  grey 
deposit,  with  a  reddish-violet,  or  purple  tint,  if  antimony  in 
small  quantities  is  deposited ;  but  an  iron  grey  or  black  tint, 
if  antimony  in  large  quantities,  or  arsenic,  are  deposited.  If 
no  deposit  is  obsened  at  first,  the  whole  of  the  liquid  must 
be  boiled  down  on  the  copper,  before  the  inference  is  drawn, 
that  arsenic  or  antimony  are  absent.  If  the  copper  be  re- 
moved without  any  metallic  tarnish  or  deposit  upon  its  sur- 
face, there  is  no  antimony  or  arsenic  present.     If  it  has  ac- 
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quired  a  metallic  deposit,  then,  after  well  waahing,  and  dry- 
ing it,  the  following  steps  must  be  resorted  to  in  order  to 
determine  the  nuture  of  the  metallic  coating. 

Diagnotit  of  Arsenic  and  Aniimony. 

The  copper  foil  is  placed  in  a  tube,  which  is  closed  at  one 
end,  and  heated.  A  grey  or  dark  metallic  ring  deposited  at 
the  cold  part  of  the  glass  tube,  consists  of  arsenic.  A  white 
sublimate  deposited  beyond  the  black  ring,  and  seen  under 
the  microscope  to  consist  of  cubes  aud  octahedra,  is  areenioas 
acid. 

Antimony  is  not  sublimed  under  these  circumstances. 

The  copper  foil  is  placed  into  a  concentrated  alkaline  so- 
lutiou  of  lii-pochlorite  of  soda;  the  metallic  deposit  of 
arsenic  is  immediately  or  slowly  dissolved.  The  presence  of 
small  quantities  of  antimony  does  not  interfere  with  this 
reaction,  any  further  than  that  the  antimony  remains  un- 
dissolfed. 

If  the  copper  foil,  after  having  undei^one  the  above  test*, 
still  retains  a  metallic  costing,  it  is  boiled  in  a  weak  solution 
of  potash,  the  metal  being  partly  exposed  to  air  by  drawing 
it  out  of  the  alkaline  liquid,  and  then  again  returning  it.  In 
this  way  the  antimony  is  oxydiied  by  the  air  in  contact  with 
an  alkaline  solution,  and  autimoniate  of  potash  is  formed. 
In  about  6ve  or  ten  minutes,  the  copper  will  have  lost  the 
deposit,  and  the  liquid  may  then  be  filtered,  acidulated  with 
hydrochloric  acid,  and  treated  with  sulphuretted  hydrogen. 
The  persiilphide  of  antimony,  of  its  characteristic  colour,  is 
orangc-rcd  thrown  down,  cither  immediately,  or  on  allowing 
the  liquid  to  stand  for  a  short  time.     (Watson). 
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Kteizmth/'a  Method'  of  obtaining  Lead  from  the   Urine  of  ] 
patients  labouring  under  Lead  poisoning. 

It  is  necessary  to  employ  not  leas  than  one  day's  urine  for 
tliis  operation,  which  is  the  more  likely  to  be  successful,  the   i 
larger  the  quantity  of  urine  employed. 

The  urine,  after  being  made  alkaline  by  caustic  potassia,  la 

mixed  with  tno  per  cent,  of  its  weight  of  nitrate  of  potassa, 

and  evaporated   to  dryness.     The  residue  is  now  transferred 

into  a  small  china  capsule,  aud  exposed  to  red  heat,  when  a  j 

'  '  Wicn.  Med.  WcKhciitLLrifl,'  19'jT.  No.  «2,  11,  ih. 


sloT  deflagration  destroys  the  whole  amount  of  organic  mat- 
ter present.  On  cooling,  there  remains  a  white  slaky  mass, 
not  adhering  to  the  capsule,  and  containing  all  the  inorganic 
fixed  ingredients  of  the  urine  together,  with  the  lead  that  may 
have  been  present.  This  stake  is  powdered  finely,  and  boiled 
for  some  time  with  a  half-saturated  solution  of  neutral  tar- 
trate of  ammonia,  to  which  some  caustic  ammonia  has  been 
added.  The  decoction  is  freed  from  the  residue  by  filtration ; 
the  filtrate  contains  all  the  lead  in  solution.  It  is  acidulated 
by  means  of  hydrochloric  acid,  and  a  current  of  sulphnretted 
hydrogen  is  allowed  to  pass  through  it.  A  brown  dis- 
coloration, or  a  black  precipitate,  indicates  the  presence  of  a 
poisonous  metal,  which  from  the  history  of  the  case  may  he 
supposed  to  be  lead.  The  precipitate  is  allowed  to  deposit 
for  twenty-four  hours,  washed  by  decantation,  redissolved.  in 
warm  dilute  nitric  acid,  and  the  filtrate  from  the  precipitate 
of  sijphur,  after  neutralization,  is  tested  by  means  of  chromate 
of  potassa  and  sulphuric  acid.  The  clu^mate  yielding  a 
yellow,  the  sulphuric  acid  a  white  precipitate,  excludes  any 
doubt  as  to  the  black  precipitate  having  been  sulphuret 
of  lead. 

In  fourteen  cases  of  distinct  lead  poisoning  examined  in 
this  manner,  Kletzinaky  succeeded  only  in  two,  in  proving 
the  presence  in  the  urine  of  lead  by  the  latter  tests.  In  the 
twelve  remaining,  the  presence  of  lead  was  only  indicated 
by  the  brownish  colour  produced  in  the  acid  solution  by 
hydrothion. 

A  plumher,  Kt.  34,  wu  uliiiKted  into  St.  Marr's  Hospittt,  ander  the  ore  of 
Dr.  Chamben,  on  tlie  7th  of  Januiry,  1957.  He  liad  had  colic  three  or  roiir 
timet  preiiously,  bnt  hod  eiperienced  no  armptonis  of  lalumine  pardyui.  On 
the  7th  of  January,  he  wai  luddenly  attacked  with  epileptic  fiti.  He  had  ■  tuc- 
cesaion  of  fiti.  which  laited  fnr  thirty.sii  houri.  When  Dr.  Sicvelsing  law  him, 
on  the  l-lth  of  January,  he  staled  that  he  had  no  reculleclion  of  anything  that 
happened  from  the  time  of  his  admiaiion  inlo  the  hospitil  la  the  12th  of 
January ;  that  he  noke  up  itilh  uiere  headache,  occupying  the  entire  head,  with 
vertigo,  and  found  that  be  had  1o>t  the  pooer  of  moving  the  left  leg  and  the 
right  ana-,  the  left  arm  and  the  right  teg  continued  nomiiU  both  in  regard  la 
teniation  and  motion.  There  was  decided  diminution  of  mentation  in  the 
affected  limht,  and  the  right  hand  wu  in  a  permanent  letni.fleted  condition,  with 
very  little  power  remaining  of  opening  or  cloring  the  fingeri.  On  fint  recoTer- 
ing  consciousnetl,  the  people  in  the  ward  teemed  (o  him  aa  imall  dolli,  and  the 
oppDiite  side  of  the  room  leemed  to  be  autik  forty  feet  below  its  awn  level. 
Tlieie  erroneotii  imprciiioni  he  wai  coaieioni  nf  at  the  lime,  and  they  diisppeared 
in  four  day).  The  urine  was  very  tcanty.  There  was  a  marked  blue  line 
round  Ihe  margin  of  the  upper  and  lower  gums.  There  had  been  ■  luacepti- 
bihty  la  pain  in  the  paralysed  parti,  which  remained  after  the  ordinary  tactile 
sensibility  appeared  to  Ite  reatared.  On  the  10th  of  January,  the  patient  bad 
10  gnuDS  of  iodide  af  potanium  administered  to  him  three  times  a  day.  A  rapid 
improvenieiil  was  perceptible.  The  amnont  of  arine  rapidly  increased;  but 
■llhough  an  two  uccuions  after  catnmendng  the  iodide  of  polauiura.  I* 
uf  at  leitl  Iwelve  hnurs  hu  lesled  fur  lead,  none  was  found. 
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The  fict  Ibtt  Dr.  Bcrnija,  the  able  chemiol  leclarer  u  St.  Marj't  HmpiUl, 
kindly  cbuged  himself  vith  (bene  aDilyK*.  "ill  be  ■  tufficirnl  guinulec  tbNt 
no  lead  wu  prnenl.  Dr.  SieTekingigain  ordered  ibc  urine  to  be  collected  from 
the  20th  to  the  2Ut  of  Jiauarr.  and  although  probably  oal«  about  one  half  of 
the  nrine  lecreted  had  been  preierved,  o«ing  to  the  remainder  having  been  dii- 
charged  in  defecation,  he  obtained  S60  c.c..  of  a  reddiih-<rellDW  hue,  and  turbid, 
Thia  wai  eraporated  down  nearly  to  dryneia.  and  the  reiidne  wan  boiled  with 
DiLro-hydrochloric  acid,  and  filtered.  The  filiralc.  on  the  aildition  of  lulphide 
of  UDiaotiiuin,  or  of  lulpliurelted  hydrogen,  gave  a  copioui  precipitate  of  llie 
■ulpbnrel  of  lead.— Dr.  Sievekiog, '  Mid.  Timti  md  Cv.;  Feb.  14,  1857. 


4.    MERCCBV. 

The  urine  is  treated  on  the  water-bath  with  chlorate  of 
potash  and  iuming  hydrochloric  acid,  until  the  chlorate  and 
organic  matters  are  entirely  destroyed.  The  fluid  is  theu 
evaporated  to  dryness,  and  the  residue  extracted  with  ether, 
until  this  solvent  docs  not  take  up  anything  more.  The 
ethereal  solution,  on  evaporation,  leaves  dry  mercury  in  the 
form  of  chloride,  or  corrosive  sublimate.  The  watery  solu- 
tion of  this  latter  is  precipitated  yellow  by  caustic  potassR, 
and  the  precipitate  is  insoluble  in  an  excess  of  the  alkali. 
Iodide  of  potassium  produces  a  fiery  red  precipitate  of 
iodide  of  mercury,  soluble  in  an  excess  of  the  iodide  of 
potassium. 

In  all  cases,  where  the  urine  contains  mercury,  there  ift  at 
the  same  time  a  peculiar  albuminous  substance  present  in  it, 
which  with  nitric  acid  gives  a  faint  reaction  of  albumen.  A 
substance  is  also  present,  having  the  reactions  of  sugar. 

Not  in  all  cases  of  mercurialism  ha«  it  been  possible  to 
detect  the  metal  in  the  urine.  In  some  cases,  the  metal  only 
appeared  in  the  urine  at  intervals,  even  where  the  symptoms 
had  imdergone  no  remission.  In  other  cases,  the  reappear- 
ance of  the  metal  in  the  lUTue  was  accompanied  by  a  decided 
e  in  the  severity  of  the  merciirial  symptoms. 


The  urine'  is  treated  on  the  water-bath  with  chlorate  of 
potash  and  fuming  hydrochloric  acid,  tmtil  the  organic 
matters  and  the  chlorate  are  entirely  destroyed.  The  pale 
yellowish  solution  is  now  made  alkaline  by  an  excess  of 
ammonia,  whereby  its  colour  changes  into  hrown,  with  a 
smoky  hue.     Any  precipitate  that  may  ensue  is  removed  by 
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filtration.  The  filtrate  is  evaporated  on  the  water-bath  to 
perfect  dryness,  the  residue  nioiateued  with  nitric  acid  of 
rs  specific  gravity,  and  exposed  to  red  heat  in  a  cliiua 
capsule.  The  ashes,  which  must  not  contain  any  charcoal, 
are  dissolved  in  hydrochloric  acid,  and  this  solution  is 
boiled  under  addition  of  little  nitric  acid,  in  order  to  ensure 
the  highest  possible  osydation  of  the  metals,  iron  and  copper, 
of  which  the  former  is  always  present  in  nrine.  This  acid 
solution  is  now  treated  with  excess  of  ammonia,  whereupon 
a  precipitate  of  hydrated  oxyde  of  iron  falls  down,  which  must 
be  removed  by  filtration.  If  the  filtrate  has  a  bluish  colour, 
and  after  being  acidulated  with  acetic  acid,  yields  a  reddish 
turbidity  or  reddish -brown  precipitate  with  fcrrocyanide  of 
potassium,  the  presence  of  copper  is  proved.  This  proof  may 
be  further  strengthened  by  acidulating  the  alkaline  solution 
by  hydrochloric  acid,  and  conducting  a  current  of  sulphu- 
retted hydrogen  through  it ;  a  brownish  turbidity,  soluble  in 
sulphuretted  ammonium,  with  a  brown  colour,  is  uidicattve 
of  copper.  Another  test  consists  in  putting  a  piece  of  blank 
iron  foil,  surrounded  by  a  spiral  wire  of  platinum,  into  the 
solution,  acidulated  by  hydrochloric  acid.  After  several 
hours,  the  iron  is  covered  by  a  red  hue,  if  copper  is  present 
in  the  solution. 

In  six  cases  of  poisoning  by  copper  compounds,  noticed  by 
Kletzinsky,  this  metal  could  be  found  in  the  urine  as  long  as 
any  symptoms  remained  about  the  patients.  When  the 
symptoms  ceased,  the  copper  disappeared  from  the  urine,  but 
contuiued  to  be  discharged  with  the  ffeccs.  The  foecea  of 
healthy  persons  mostly  contain  some  copper ;  healthy  urine, 
however,  does  not  contiun  any  traces  of  this  metal. 


Of  other  inorganic  substances  introduced  into  the  system, 
the  tbllowing  have  been  found  to  make  their  appearance  in 
the  urine : 

Bromine  (Heller),  and  bromides. 

Ammonia,  mostly  as  such,  a  small  quantity  transformed 

into  nitric  acid.     (Bence  Jones.) 
Carbonates, 
SiUcates, 
Chlorides, 


of  alkalies.     (Wohler). 


Sulphocyanide,  or  rhodide, 

Ferrocyanide, 

Ferricyanide  changed  into  ferrocyi 
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Rhodalline^  as  sulphocyanide  of  ammonium.    (Wohler  and 
FrerichB.) 

Sulphuret  of  potassium  reappears  partly  as  such^  partly  as 

sulphate  of  potassa.     (Wohler.) 
Chloride  of  barium.     (Wohler.) 


ADDENDA. 


1.    THIMETUTLAHINE. 


When  large  quantities  of  human  urine  are  distilled,  a  dis- 
tillate is  obtained,  having  a  strong  smell  of  ammonia,  and 
also  of  Bca-Bah.  When  a  little  over-saturated  with  hydro- 
chloric acid,  it  asHumea  a  reddish  colour,  owing  to  the  pre- 
sence of  one  of  the  acids  discovered  hy  Stideler.  By  cryst&U 
lization,  a  large  amount  of  chloride  of  ammonium  is  sepa- 
rated ;  the  mother  liquor  is  evaporated  to  dryness,  the 
residue  extracted  with  alcohol,  and  the  alcoholic  solutioQ  is 
mixed  with  bichloride  of  platinum.  After  several  crys- 
tallizations, fine  crystals  of  the  douhle  salt  of  trimethylamine 
and  bichloride  of  platinum  are  obtained,  containing  37'  1 7  Pt., 
and  -Ifl-aaCl,  and  having  the  formula  CgH,oNCls  Pt. 

Sisty-five  litres  of  fluid,  being  previously  condensed  urine, 
gave  2200  grammes  of  chloride  of  ammonium,  aud  only 
17  grammes  of  the  double  salt  of  trimethylamine,  corre- 
sponding to  only  3'7  grammes  of  free  trimethylamine.' 


Since  the  printing  of  the  chapter  on  "  Sarcine,"  for 
which  I  provisionally  proposed  the  name  of  Camine,  the 
above  spelling  of  the  original  word  has  been  introduced  in 
Germany.  I  have  no  hesitation  iu  adopting  it,  as  eflfecting 
in  a  preferable  manner  the  object  which  I  had  in  view 
when  proposing  a  new  synonym,  namely,  distiuction  from 
Sarcina  ventricuH. 

Mode  of  obtaining  Sarkine  from  Human  Urine. 

The  urine  is  neutralized  with  milk  of  lime,  and  treated 
with  a  solution  of  chloride  of  calcium,  so  long  as  a  precipitate 
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is  ttereby  produced.  The  filtrate  is  evaporated  to  lalf  its 
biUk,  and  white  hot,  is  treated  inth  a  eolution  of  acetate  of 
copper,  luiti!  a  precipitate  ceases  to  be  produced.  The  pre- 
cipitate, at  first  bluish,  and  very  Yoluminoug,  quickly  be- 
comes flaky,  aiid  though  stil]  volumiiious,  assumes  a  li^ht 
brown  colour.  The  fluid,  which  has  exchanged  its  alkaline 
reaction  for  an  acid  one,  is  now  set  aside,  and  after  the  pre- 
cipitate has  settled,  is  removed  by  decantation,  or,  what  is 
preferable,  the  syphon.  The  precipitate  is  washed  several 
times  with  water,  and  the  latter  is  removed  by  decantation 
with  the  syphon ;  it  is  lastly  collected  on  a  filter,  and  washed 
with  water,  untU  the  washings  begin  to  get  turbid.  If  the 
precipitate  is  now  analysed,  it  is  found  to  contain  oxyde  of 
copper,  lime,  uric  acid,  and  sarkine.  To  separate  these  sub- 
stances, the  precipitate  is  washed  from  the  filter  into  a 
narrow -necked  bottle,  and  suspended  in  a  large  amount  of 
water.  Sulphuretted  hydrogen  is  now  passed  througli  it, 
until  the  fluid,  after  shaking  in  the  stoppered  bottle,  smells 
strongly  of  the  hydrothion.  The  sulphide  of  copper  is  al- 
lowed to  deposit  in  a  warm  place,  the  suiicrnatant  liquid  is 
removed  by  the  syphon  :  the  precipitate  is  tlirown  on  a  filter 
and  washed  with  water  containing  hydrothion,  and  the  fil- 
trates are  united  with  the  decanted  fluid.  Tliis  solution  in 
the  cold  quickly  becomes  turbid,  and  deposits  urate  of  lime 
in  needles  and  .crystalline  masses.  It  is  cleared  up  by  warm- 
ing it  on  the  sand-bath,  and  a  solution  of  oxalic  acid  is  added 
to  it,  until  it  ceases  to  produce  a  precipitate,  and  the  fluid 
has  assumed  a  strongly  acid  reaction.  The  mixture  is  now 
allowed  to  stand  on  the  sand-bath  for  twenty-four  hours, 
and  stirred  frequently.  After  that  time,  all  uric  acid  is  de- 
posited in  crystals,  mixed  with  the  oxalate  of  lime.  The 
deposit  is  separated  by  filtration,  and  the  filtrate  is  freed  of 
oxalic  acid  by  treatment  with  pure  carbonate  of  lime.  When 
the  boiling  fluid  shows  an  alkaline  reaction,  it  may  be  filtered, 
and  evaporated  to  a  small  bulk.  On  cooling,  sarkine  is  pre- 
cipitated in  the  form  of  a  light,  amorphous,  granular  mass. 
The  mother  liquor,  which  is  very  brown,  is  separated  by  fil- 
tration, and  tile  precipitate  on  the  filter  is  washed  with  cold 
water,  until  almost  white,  and  until  the  wasliings  are  quite 
colourless.  What  remains  on  the  filter  is  pure  sarkine.  The 
mother  liquor,  by  repeated  evaporation,  and  standing,  de- 
posits the  greater  part  of  its  sarkine,  which  may  be  obtained 
pure  like  the  first  portiou. 

My  experience  has  led  mc  to  avoid  hydratcd  oxyde  of  lead 
as  a  purifying  i^cnt  for  sarkiue,  or  the  dark  mother  bquor. 
The  quantities  of  sarkine  which  it  retains  are  very  large,  and 
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the  sarkine  obtained  ia  not  purer  than  that  procured  by  the 
above  proceeding. 

The  sarkine  is  now  dissolved  in  a  large  quantity  of  hot 
water,  aud  a  dilute  solution  of  nitrate  of  silver  is  added  to  it. 
A  voluminous  greyish-white  preeipitate  thereby  produced  is 
a  compound  of  sarkiue  and  nitrate  of  silver.  The  fluid 
must  be  stirred  and  kept  hot,  while  the  last  portions  of  the 
nitrate,  necessary  for  the  complete  precipitation  of  the 
aarkine  are  added,  as  the  bulky,  gelatinous  precipitate  would 
otherwise  enclose  mechanically  a  considerable  amount  of  un- 
combined  nitrate,  which  it  would  be  difficult  to  remove  by 
washing.  The  precipitate  becomes  a  little  darker  by  boiling, 
but  is  not  blaekeued  like  the  precipitate  which  nitrate  of 
silver  produces  in  acid  urates.  When  the  precipitate  of 
sarkiue  and  nitrate  of  silver  is  collected  on  a  filter,  it  must 
be  washed  for  a  length  of  time,  and  then  dried  over  sulphuric 
acid  in  the  vacuum.  When  dried  in  the  water-bath,  some 
silver  is  easily  reduced,  and  the  precipitate  becomes  black. 
During  the  process  of  drying,  the  large  and  bulky  pre- 
cipitate alirinks  to  an  insigniiieantly  small  compass. 

The  bulky  wet  precipitate  may  be  removed  from  the  filter, 
and  dissolved  in  concentrated  fuming  nitric  acid.  The  assist- 
ance of  heat  quickens  the  solution,  and  lessens  the  amount 
of  acid  necessary.  The  dried  precipitate  may  be  dissolved  in 
ordinary  nitric  acid,  gently  warmed,  or  boiling,  if  less  con- 
centrated. The  solution,  which  is  perfectly  clear,  and  some- 
what yellow,  on  cooling  and  standing  deposits  groups  of 
microscopical  rhombic  plates,  and  needles,  of  the  sarkine  and 
nitrate  of  silver  compound.  When  they  are  left  in  the  acid 
mother  liquor  for  some  time,  they  become  so  loug  and  thin 
as  to  resemble  bundles  of  long  hair  emanating  in  curls  &om 
one  invisible  centre  towards  all  directions.  This  appear- 
ance is  very  eharaeteristic,  and  I  have  never  seen  anything 
resembling  it. 


3,    SABCtNA  TENTHlCtTLl    (Good»ir.) 

Synonym:  Merianaoposdia  punctata  {Meyen). 

Ttiis  alga,  which  by  Goodsir,  was  discovered  in  vomited 
matters,  belongs  according  to  Nageli,  to  the  natural  order 
of  the  Palmellacea;.  It  consists  of  particles  in  a  pecidiar 
cubic  arrangement ;  there  are  generiUly  not  less  than  eight 
particles  united  within  a  structureless  membrane,  forming  a 
cubic  package,  which  looks  like  a  bundle  tightly  bound  by 
crossed  strings.     If  tlicse  bodies   multiply,  the  increase  is 


not  cubic,  but  simply  quadratic.  Tn  this  manner,  firar 
primary  bundles,  of  eight  particlea  each,  arc  arranged  into 
s  square,  prcsentiug  to  the  eye  siiteen  particles,  but  in 
reality  being  made  up  of  thirty-two. 

The  particles  themselves  are  of  a  fcreeniah,  or  greenish- 
brown  colour,  of  an  irregidar,  roundish  shape,  and  frequently 
present  a  dark  point  in  their  centre,  from  which  Meyen  de- 
rived the  adjective  given  by  him  to  the  alga. 

The  sarcina  occurring  in  human  urine,  and  which  un- 
doubtedly may  be  developed  in  the  bladder,  has  a  more 
irregular  arrangement  than  the  alga  occurring  in  the  stomach. 
The  specimen  represented  in  fig,  2  of  Plate  VI,  I  purchased 
from  Mr.  Norman,  the  microscopical  mounter,  who  informed 
nie  that  it  came  from  a  case  under  Mr.  Hilton's  care,  in 
Guy's  Hospital.  The  algfc,  though  mounted  in  creosote 
water,  did  yet  show  their  peculiar  movements  for  weeks  after 
their  confinement  in  the  glass  cell.  This  specimen  is  now  in 
the  hands  of  my  friend  Dr.  H.  Wclekcr,  of  Giesscn,  frora 
whose  pen  we  may  shortly  expect  a  practical  paper  on  the 
subject  of  sarcina  in  the  urinary  passages  of  man. 

The  first  observations  of  sarcina  in  urine  were  made  by 
Heller,  wlio  has  reporteil  three  cases.  Three  cases  have 
been  recorded  by  Mackay  and  Johnson.  Beale'  observed  a 
case  himself,  and  mentions  one  brought  under  his  notice  by 
Mr.  Brown,  of  Lichfield,  Hilton's  and  Welcker'a  cases 
further  swell  the  number.  Several  cases,  hitherto  unpub- 
lished, were  also  mentioned  at  the  late  meeting  of  Naturalists 
at  Bonn. 

In  the  cases  lately  observed  in  Germany,  chronic  dys- 
pepsia was  a  prominent  collateral  feature. 


■I.    CBOSTEALITH.^ 

A  young  man,  let.  24,  was  admitted  into  the  general  hos- 
pital, at  Vienna,  suffering  from  tlie  symptoms  which  usually 
attend  the  presence  of  concretions  in  the  urinary  organs. 
There  was  pain  in  the  region  of  the  left  kidney.  On  exami- 
nation, a  calculus  was  discovered  to  be  present  in  the  bladder. 
Ihiring  several  days  he  passed  some  concretions,  not  latter 
than  hcmpseeds ;  on  a  subsequent  occasion,  the  eoncretioiis 


I  '  Thn  MicroBcope.'  &c..  p.  176. 

*  Heller.  'Heller'i  Arcbiv,'   tSia,  p.  1.     See  il so  Simon '<  '  Animal  CliemU. 
trjr,'  Sfd.  Soc,  Bdit.,  vol.  ii,  pp.  326  btkI  452.     Another  cue  hu  been  |Kil>li>bed 
bf  W.  Hoore.  '  Dublin  Quart.  Joum.  of  Med,  E 
alio  Heller's  '  Arcliiv,'  *ol.  vi,  p.  423. 


,'  March,  1854,  p.  373.     S«« 
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had  a  bloody  surface ;  sometimes  he  passed  small  coagula  of 
blood,  at  others  crystals  of  triple  phosphate.  After  the 
nature  of  the  calculus  liad  been  made  probable  by  the 
analysis  of  the  concretions,  which  consisted  of  uroatealith, 
the  patient  was  treated  with  carbonate  of  soda,  when  uro- 
stealith  was  found  dissolved  in  the  urine,  and  the  phosphatic 
crusts  of  the  calculus  were  passed  by  the  urethra,  in  a  broken 
up  condition. 

Chemical  properties  of  Uroatealith. 

A  fragment  of  a  calculus  placed  on  platinum  foil,  and 
heated,  remains  solid  at  first,  then  begins  to  fuse  and  swell 
up,  and  gives  oflF  a  pungent  odour,  resembling  that  of  shellack 
and  benzoine.  The  substance  nest  takes  fire,  and  bums 
with  a  clear  yellow  flame ;  a  voluminous  charcoal  ultimately 
remains,  which,  when  thoroughly  burned,  leaves  a  small 
amotmt  of  ash,  principally  lime. 

When  boiled  in  water,  uroatealith  becomes  soft,  but  does 
not  dissolve.  It  dissolves  with  difficulty  in  warm  alcohol, 
easily  in  ether,  and  on  evaporation  is  again  obtained  in  an 
amorphous  condition.  If  kept  at  a  gentle  heat  for  some  time, 
it  assumes  a  violet  colour.  It  readily  dissolves  in  a  hot  so- 
lution of  caustic  potassa,  forming  a  brown  soap,  which,  by 
treatment  with  an  acid,  again  separates  into  uroatealith,  and 
the  salt  of  the  acid.  When  heated  with  nitric  aeid,  it  yields 
a  colourless  solution,  a  slight  quantity  of  gas  being  evolved. 
If  this  solution  is  evaporated,  the  residue,  when  treated  with 
ammonia  or  potassa,  assumes  a  dark  yellow  colour. 

It  is  by  no  means  clear,  whether  urostealith  is  a  resin 
or  a  fat.  Its  elementary  eompositiou  is  entirely  unknown, 
even  qualitatively. 
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TABLE  I. 

AVERAGE    COMPOSITION    OF   THE  NORMAL  URINE  FROM   TWENTT- 

FOUR   HOURS. 


Average  quantity  from 
metres,  49  to  56  fluid 

Average  specific  gravity. 

Mean  amount  of  solids 
grains. 

Water 

Urea  . 

Uric  acid 

Creatine 

Creatinine 

Sarkine 

Ursematine 

Uroxanthin  e 

Hippuric  acid 

Chlorine 

(or  Chloride  of  sodium 

Sulphuric  acid     . 

Phosphoric  acid   . 

Potash  and  soda       i 

Lime  and  magnesia ' 

Earthy  phosphates 

Iron    . 

Ammonia    . 

Trimethylamine 

Carbonic  acid 

Phenylic  acid 

Damaluric  acid 


24  hours,  1400  to  1600  cubic  centi- 

ounces. 

1020. 

55  to  66  grammes,  or  850  to  1020 

1345  to  1534  grammes. 

80  to      40        „   463to617gr8. 

.     0-5  „        or  7'5 

0-3  „        or  4-5 

0-45  ..        or  70 


ff 


undetermined. 


.     0-5 
6to    8 
10  to  13 
1-5  to  2-5 
.      3-66 


undetermined. 

1  28  grammes, 
undetermined. 
0*7  grammes, 


undetermined. 


19 
10 


ff 


a 


f> 


or  7'5 

92  to  123 

154  to  200   „) 

23  to   38 

56 


>> 


» 


» 


}f 


99 


99 


The  minor  estimates  account  for  48  out  of  55  grammes  of 
solids,  the  larger  estimates  for  62  out  of  66  grammes  of 
solids. 
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TABLE  11. 

TABLE     FOR    DISCOVERING    THE    NATURE    OF    URINARY    DEPOIITS 

BY    CHEMICAL    REAGENTS. 


,     r  Deposit,  white  . 


6. 


ff 


2. 
o. 


coloured 

dissolves  by  heat  .  Urates. 

insoluble  by  heat.         .     3. 
soluble  in  liquor  ammonise     Cystine. 


insoluble  in  „ 

soluble  in  acetic  acid    . 

insoluble 

visibly  crystalline 

amorphous. 

pale,  readily  soluble  by 

heat 
deeply  coloured,  slowly  i 

soluble  by  heat         .  J 


4. 


Earthy  phosphates. 
Oxalate  of  lime. 
Uric  acid. 


6. 


Urates. 


>f 


stained  by 
purpurine. 


%7 
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TABLE  III. 

TABLE    POR    THE    M1CRU8C0PICAL    CHEMICAL    EXAMINATION    «IF 

URINARY    DEPOSITS. 


1. 
2. 

3. 


r  Deposit^  amorphous  . 


2. 


5. 


{ 


(i. 


r  / 


ff 


if 


99 


99 


99 


99 


»» 


99 


99 


»• 


>» 


91 


91 


99 


visibly  crystalline 

3. 

soluble  in  liq.  potassse  . 

Urates. 

insoluble 

Phosphate  of  lime. 

crvstals  in  well-defined 

octahedra 

Oxalate  of  lime. 

not  octahedral 

4. 

in  six-sided  tables^  solu- 

ble in  ammonia 

Cystine. 

not  tabular,  nor  soluble 

in  ammonia 

5. 

soluble  in  acetic  acid    . 

6. 

insoluble  in        „ 

in    prisms,    or    simple 

pennae,  or  foliaceous 

stars 

Triple  phosphate. 

in  radiated  globules,  so- 

luble   ^nth  efferves- 

cence in  acetic  acid  . 

Carbonate  of  lime 

in  dumb-bells 

Oxalate  of  lime. 

in  lozenges,  or  compound 

crystals  strongly  co- 

loured    . 

Uric  acid. 

in  spherical  masses 

Urate  of  soda. 

The  above  tables  are  Dr.  G.  Bird's  ('  Urin.  Dep.,^  4th 
edit.,  p.  19,  20),  slightly  condensed,  by  the  exclusion  of 
bibasic  triple  phosphate  and  oxalurate  of  lime,  for  the  exist- 
ence of  which  substances  in  urine  no  proof  has  been  afforded 
to  us.  In  Dr.  Birkett's  edition  these  tables  are  spun  out 
excessively,  and  thereby  have  lost  much  of  their  original 
perspicuity. 
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TABLK  IV. 

TABLE  roR  THE  CONVERSION  OF  THE  CKNTIOKADE  THERMOMETER 
SCALE  INTO  THAT  OP  FAHRENHEIT,  AND  VICE  VERSA. 

»°Fali.  =V.(m°  — 32°)  C. 
«°C.     =V»  («°  +  32)Fah. 
1°  Fah.  =  0°55  C.     0°1  Fah.  =  0°055  C. 


Ftthrenheit. 

1 
Centigrade. 

1 
F«hrenheit. 

1 

1  Centigrade. 

37-22 

1    Fnhrenheit 
H-   58 

Centigrade. 

-f    140 

6000 

-f  99 

14*44 

139 

59-44 

98 

36-67 

57 

13-89 

138 

58-89 

97 

3611 

56 

13-33 

137 

58-33      ; 

96 

35-55 

55 

12-78 

136 

57-78 

95 

35-00 

54 

12-22 

135 

57-22 

94 

34-44 

53 

11-67 

134 

56-67      i 

93 

33-89 

52 

11-11 

133 

5611 

1           ^2 

33-33 

51 

10-55 

132 

55-55 

91 

32-78 

i           50 

10-00 

131 

55-00 

1           90 

32-22 

i           49 

9-44 

130 

54-44 

89 

31-67 

48 

8-89 

129 

53-89 

88 

31-11 

47 

8-33 

128 

53-33 

87 

30-55 

46 

7-78 

127 

52-78 

86 

3000 

1           45 

7-22 

126 

52-22 

85 

29-44 

44 

6-67 

125 

51-67 

84 

28-89 

43 

611 

124 

51-11 

83 

28-33 

42 

555 

123 

50-55 

82 

27-78 

41 

5-00 

122 

50-00 

81 

27-22 

40 

4-44 

121 

49-44 

80 

26-67 

39 

3-89 

120 

48-89 

79 

2611 

38 

3-33 

119 

48-33 

78 

25-55 

37 

2-78 

118 

47-78 

m  m 

// 

25-00 

36 

2-22 

117 

47-22 

76 

24-44 

35 

1-67 

116 

'■       46-67 

75 

23-89 

34 

1-11 

115 

46-11 

74 

23-33 

33 

-f  0-55 

114 

45-55 

73 

22-78 

32 

0-00 

113 

4500 

72 

1       22-22 

31 

—  0-55 

112 

44-44 

71 

1       21-67 

1           30 

111 

111 

43-89 

1           70 

21-11 

29 

1-67      , 

110 

43-33 

69 

2055 

28 

2-22 

109 

42-78 

68 

20-00 

27 

2-78 

108 

42-22 

67 

19-44 

26 

333      , 

107 

41-67 

66 

18-89 

;           25 

3-89 

106 

41-11      ' 

'          65 

18-33 

24 

4-44 

105 

4055 

61 

17-78 

23 

5  00 

104 

4000     i 

63 

17-22 

22 

5-55 

103 

39-44 

62 

16-67 

1           21 

6-11 

102 

38-89 

1           61 

16-11 

20 

6-67 

101 

38-33 

60 

15-55 

( 

100 

37-78 

1           59 

15-00 

1 
1 

400 


TABLBI. 
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TABLE    FOK  THE   CONTEB8ION   OF    FKENCB    WEIGHTS 


I 

1 

1 

2 

3 

4 

1. 

MEASURES 

MiTKBl. 

■ 
1 

t 

English  yardi . 
»»      fipet 
M      inches 

1-09363 

3-28090 

39-37080 

218727 

6-56180 

78-74158 

3-28090 

9*84270 

118-11236 

4-37453 

13  12360 

157*48315 

Dbcimitrbs. 

Feet 
Inches    . 

0*32809 
3-93708 

065618 
7-87416 

0*98427 
11-81124 

1*31236 
15*74832 

ClNTIMBTRKS. 

Inches    . 

0-39371 

0-78742 

118112 

1*57483 

MlLLIMITKIB. 

Inches    . 

003937 

007874 

0-11811 

0-15748 

^ 

2. 

MEASURES 

LlTKIB. 

English  cubic  inches 
„      cubic  feet   . 
„      imp.  gallons 
„        „     quarts 
,,        „      piuts  . 

61-02711 
0035317 
0-22017 
0-88066 
1-76133 

12205422 
0-070633 
0-44033 
1-76133 
252266 

18308133 
0  105950 
0-66050 
2-64199 
5-28399 

244*10844 
0141266 
0-88066 
3*52266 
7-04531 

Cubic  centimktrks. 

I 

i 

Cubic  inches    . 

006103 

0-12205 

0  18308 

0-24411 

KlLOORAMMKS. 

a 

• 

Cwts 

lbs.  (avoirdupois) 

0-01970 
220486 

003939 
4-40971 

005909 
661457 

007879 
8-81945 

KiLOORAlfMES. 

f 
1 

lbs.  (troy)    . 

2-67951 

5-35903 

803854 

10-71805 

Grammes. 

! 

Grains 

15-44242 

;     30-88484 

1 

46-32726 

61-76968 

Decigrammes. 

1 

1 

Grains     . 

'        1-54424 

1 

308848 

4*63273 

617697 

Centigrammes. 

Grains     . 

0-15442 

1       0-30885 

0-46327 

0*61770 

Milligrammes. 

Grains 

001544 

003089 

004633 

0-06177 
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V. 


AND    MEASURES    INTO   ENGLISH    YTEIOHTS  AND  MEASURES. 


OF  LENGTH. 


5*46816 

16-40450 

196-85394 


1*64045 
19-68539 


1-96854 


0*19685 
OP  CAPACITY. 


305-13555 
0-176583 
1*10083 
4-40332 
8*80664 


0*30514 
WEIGHTS. 

0-09848 
11-02428 

13-39757 

7721210 

7-72121 

0-77212 

007721 


6*56180 

19*68539 

236*22473 


1*96854 
23*62247 


2*36225 


0*23623 


366*16266 

0*211900 

132100 

5*28398 

10*56797 


0-36616 


0-11818 
13-22914 


16*07708 

92-65352 

9-26535 

0*92654 

009265 


7*65543 

22*96629 

275-59552 


229663 
27*55955 


2*75596 


0*27560 


8-74906 

26-24719 

314-96630 


2*62472 
31*49663 


3*14966 


0*31497 


427-18977 

0-247216 

1-54116 

616465 

12-32930 


0-42719 


488-21688 

0-282532 

1-76133 

704531 

14-09062 


0*48822 


0-13788 
15*43400 


18-75659 


0-15758 
17*63886 


21*43610 


108-09694    123-53936 


10-80969 


1*08097 


0-I08I0 


12-35394 


1-23539 


0-12354 


9-84270 

29-52809 

354-33709 


2*95281 
35*43371 


3-54337 


0*35434 


549-24399 

0-317849 

1-98149 

7-92598 

15  85195 


0-54924 


0-17727 
19*84371 


24*11562 


138*98178 


13-89818 


1-38982 


0*13898 
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TABLE  VI. 

TABLI    FOR   THE    CONVERSION    OF  THE  MILLIMETRE  BAROMETER 
SCALE  INTO  THE  SCALE  OF  ENGLISH  INCHES. 


MOlimetres. 

Inehet.   1 

Millimetres. 

1 

1 

Inehes. 

MiUimetm. 

• 
1 

iBckei. 

700 

27-560 

730 

28-741 

760 

:   29-922 

701 

27-590 

731 

28-780 

761 

29-961 

702 

27  630 

732 

28-819 

762 

30HW0 

703 

27  678 

733 

28-859 

763 

30H)40 

704 

27-717 

734 

28-898 

764 

'   30-079 

705 

27-756 

735 

28-938 

765 

30-119 

706 

27-795 

736 

28-977 

766 

30-158 

707 

27  835 

73? 

29016 

767 

30197 

708 

27-876 

738 

29-056 

768 

30-237 

709 

27-914 

739 

29059 

769 

30-276 

710 

27-953 

740 

29-134 

770 

30-315 

711 

27-992 

741 

29-174 

771 

.   30-355 

712 

28032 

742 

29-213 

772 

,   30-384 

713 

28-071 

743 

29252 

773 

.   30-434 

714 

28-111 

744 

29-292 

774 

30-473 

715 

28-150 

745 

29-331 

775 

30512 

716 

28189 

746 

29-371 

776 

30-552 

717 

28-229 

747 

29-410 

777 

30-591 

718 

28-268 

748 

29-449 

778 

30-631 

719 

28-308 

749 

29-489 

779 

30-670 

1 

720 

1 

28-347      750 

29-528 

780   • 

30709  . 

721 

28-386      751 

29-567 

781   1 

30-749 

722 

28-426 

752 

29-607 

782 

30-788 

723 

28-465 

753 

29-646 

783 

30-827 

724 

28-504 

754 

29-685 

784 

30-867 

725 

28-543  1 

755 

29-725 

785 

30-906 

726 

28-583 

756 

29-764 

786 

30  945 

727 

28-622 

757      29-804   ' 

787 

30-985 

728 

28-661 

758 

29-843 

788 

31024 

729 

28-701 

759 

1 

29-882 

,1 

789 

31-063 

28  inches  =  711-187  millimet 

res. 

29   „   =  736-587 

30   „   =  761-986 

31   „   =787-386 

1   millimet 

re  =  0-03937  inch.     1    inch 

=  25-39954 

millimetrei. 

01 

=  000394  „      0-1 

=  2  53995 

»» 

0-01 

=  000039  „ 

001   „ 

=  0-25400 

>t 

0-001  „ 

=  002540 

ti 

INDEX. 


Abscesses,  pus  in  urine  from,  259 
Acetone,  314 

in  diabetic  urine,  ib. 

mode  of  obtaining,  ib. 

Fetter's  observation  of,  315 

properties  of,  314 
Acid,  anisic,  392 

anthranilic,  337 
benzogly colic,  337 
benzoic,  145,  148 
camphoric,  391 
carbolic,  339 
carbonic,  226 
cholalic,  273 
cholic,  272 
cholinic,  273 
choloidinic,  272 
cholonic,  ib. 
cinnamic, 
citric,  387 
cuminic,  392 
damaluric,  343 
free,  of  urine,  192 
gallic,  232.  388 
glucic,  305 
glycocholic,  272 
hippuric,  139 
lactic,  373 
malic,  381 
melassic,  305 
oxalic,  345 
phenylic,  339 
phosphoric,  179 
salicylic,  390 
salicyluric,  ib. 
succinic,  381 
sulphuric,  169 
tannic,  388 


Acid,  tartaric,  382 

taurocholic,  273 
toiuric,  389 
toluylic,  ib. 
uric,  77 
Acidity  of  urine,  9 
Addenda,  411 
Age,    influence   of,    on   reaetion    of 

urine,  12 
Albumen,  247 

characters,  ib. 

composition,  ib. 

in  urine,  diagnosis,  250 

pathological    indi- 
cations, 253 
quantity,  252 
in  chylous  urine,  240 
Albuminuria,  253 
AllLaline  urine,  9 

causes,  9,  211 

from  ammonia  formed 

after  discharge,  9 
from  decomposition  of 
urea    before    emis- 
sion, 10 
causes,  12 
experiments     of    Dr. 

Snow,  11 
inflammationof  bladder 

produced  by,  13 
therapeutic  indications, 

15 
from  fixed  alkalies,  14 
Allantoine,  298 

literature,  ib. 
mode  of  obtaining,  299 
pathological      indications, 
301 
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H                  AtUntoine.  profe't'xi,  300 

Calculi,  fuiible.  209                                  ^^^ 

hteiuoirhage  from,  231,  233                   ' 

miii-d,  114 

mulberiy.  370 

^^^^^                      chemicij  propertio,  ib. 

oiikte  of  lime.  ib. 

^^^^^H.                     dpmoiiiintion   of   pretence 

phoiphitc  of  lime,  207 

^^^^H                        in  urine. 

^^^^B                    lbme.1    after    Gi»i»ian    of 

DiiitoTtn.  1 10 

^^^^^H                                  9 

ur.te..  113 

^^^^^B                   fbnnedin  Uadder under  dii- 

uric  idd.  Ill 

^^^^^^^H                           etird  con  rill  ion  >, 

unc  oxvde.  237 

^^^^^1                       pilbolQg[c«l  indicilionl. 

ian)!.ic(.i>de,  ib. 

^^^^m                           224 

lanlliine,  ib, 

CBocer  of  bladder.  2G5 

of  ItidncTi.  ib. 

^^^^H                     phrbiolDsiol  onro,  223 

Cancemui  mailer  in  urine,  ib. 

^^^^H                     qniniiiy      diichirged      in 

Caniine.    S«  Sarcine  or  SmWm 

^^^^^r                                    223 

Cam  of  nriniferoui  tubule*. 

^^                       nrale  of.  8S 

epithelial.  243 

AntimonT  in  urine,  105 

fallj,  244 

Reinicb's  teM  for.  ib. 

grenulir,  243 

diigmwi  from  tnenic.  406 

hyaloid,  242 

Anepic  in  urine.  405 

Reinicb-g  test  for,  ib. 

large,  244 

diagnuii  from  ■ntimonj'.ib. 

tmell,  242 

»air,  242 

Chloride  of  wdiurn.  154 

Bite,  271 

lcid>,  27& 

las                              1 

colounng  mttlen,  27S 

compoiilion.  271 

detection  in  urine 

in  urine,  a,  276 

ib. 

Bilifulrine.  276 

Chloriue  in  urine,  153 

Bili«rdine,  275 

Biiilvm,  155 

Blxtder.  ciucer  of,  26.^ 

161                                                      1 

262 

CO  ndiiioM  of,  producing  ■Iki- 

ew.  165 

line  urine,  12 

Clioten,  urine  in,  367 

Chylous  urine,  238 

maturis,  232 

al).un>en  in.  240 

fat  in.  ib. 

piiruicDl  urine.  25S 

fibrine  in.  239 

urine.  13 

incei,  ib. 

Btooa  in  nnne,  227 

c»U,  231 

ehemieal  diiRnuii,  230 

Cleimeu  of  urine.  1 

cn-guU,  23B 

Collection  of  urine.  18 

eorpuiclea,  227 

ColouriDg  niatier  of  bile.  275 

in  orine,  5,  276 

reaction..  228 

ofurine.nTinal,  2,131 

abnormal,   4.   E34. 

urn  in,  43.  75 

276.    321,    326. 

338 

C»iculi,«llern.ting,  114 

phtie,  207 

Copper  in  urine,  40B 

ty.iinr.  295 

lest  for  ingar.  306-7                                    1 

^^^^^^^M                                                              1 

^^^BHR^ 

tioni.  24S                                        1 

Food,  Induence  on  rfiction  of  urine, 

211                                                      J 

biliary.  Iia 

on  urea,  73                                  ^^J 

modes  o(  obtaining,  116 

Free  icid  of  urine,  192                                 ^^H 

occurrence,  115 

innljril^.  vnUimeiric,  ib.                ^^^H 

phyiical  properties,  117 

quantity  in  beallh,  193                 ^^^H 

phyiiology.  119 

in  diseiK,  194                ^^H 

Cr«»tine,  qtunrilv  in  Iwenty.four  hmin. 

120.  124 

303                                                        ^^^H 

tibiet  of,  130 

Glucoiidei.il).                                              ^^^^1 

Creitlnine,  121 

GlycDcoll,  272                                              ^^^H 

cbeinical  propcrtiei.  124 

Qnpe  BUgu.     See  Sugtr.  302                          ^^^H 

compound!.  124 

Gniel,  Uric  ecid.  109                                    ^^H 

oiilile  of  lime,  370                            ^^H 

mode  of   obuining   from 

cr««linc.  126 

Guuiiue,  294                                                   ^^H 

node   of   obltining   from 

pulrid  urine,  122 

Hnmitine,  234                                               ^^H 

mode  of   obtiiniiig    from 

llKmito-globuline,  234                                  ^^H 

urine,  121 

diitinction  from  di)-         ^^^H 

■olved  blood,  ib.            ^^H 

qiuDtity     in    twenty-four 

obterritioni,  235              ^^H 

hours,  126 

Ublei  of.  130 

^^H 

Cyinourine,  328 

Cy.iine,  29S 

Htemorrlioidi  of  bladder,  233                        ^^H 

literiture,  ib. 

Hemorrhage  from  t>tidder,  232                     ^^H 

from  kidneyi,  230                     ^^H 

propertiei,  29& 

Halophile.  132                                              ^^H 

Cyititi,,  13 

Hempieed  calculi,  370                                 ^^^H 

CyiuofEdiin<»eocei.a67 

Herbivora,  urine        140                                  ^^^^| 

Hippurile  of  birjU.  146                             ^^^M 

DUbetetiniipidui,  41 

147                                 ^^^H 

mellilui,  312 

^^H 

■ceione  in  unne  of. 

^^H 

314 

llippuric  acid,  139                                    ^^H 

V^hi„nr^i*niiu  linminia  in  iipin*    VJ^f 

i^cnuiocDccufl  DoiDLnu  m  iinnv,  toi 
Ciaei,  2eS 

cyili,  267 

^^^M 

mean,  of  procuring.  141        ^^H 

Pit  in  urine.  263 

oceumnofl,  140,  148             ^^^H 

form*  of,  ib. 

pUliolDglckl,  141.  l&l           ^^H 

in  cbyloua  urine,  240 

pbyalolnity.  148                     ^^H 

p&thological  indicaiioni,  264 

FeimenWlion,  306 

^^^H 

liclLC  »clri.  307 

^^^H 

vinou..  30S 

Tiieou.,  307 

32B                                                ^^H 

Fever,  urine  in,  74 

deoompotition.,  329                          ^^ 

depoiilof  uric  icirtin,  101 

Kbrine,  238 

327 

from  blood,  in  urine,  228 

in  cbylout  urln<-.  239 

phr«ologT,  337 

Fibrinouicwt..  241 

lnri.g"bluf,  hiMory,  326 

4M                                                                             ^^^^^^^H 

ln£pi  Uoe,  identity  «ith  urogUuciK, 

orUaguMia.                                   ^ 
phyjiological  quantity,  209 

mofleiofobUuning.  32y 

Mble  of  quantity  in  twenty- 
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Spermatozoa  in  urine,  269 

179 

detection  of,  270 

physiology.  1B7 
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r«i:teiiDf,112 

H                                        libJe,  ihowing  tmoimi  iii 

^H                                           uriueordiffercniralDura. 
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■                              hirtorj.  44 
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Urine,  ftbrine  in,  338 

ftbrinoQi  catU  in,  241 

free  acid  in,  192 

haematine  in,  5,  234 

hippnric  add  in,  139 

hypoxanthine  in,  289 

incineration  of,  153 

indican  in,  327 
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lime  in,  198 
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in  diseases,  27 
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specific  gravity,  31 

spermatozoa  in,  269 

sugar  in,  302,  312 

sulphuric  add  in,  169 

taste  of,  8 

tubercular  matter  in,  265 

tyrosine  in,  210 

uraematine  in,  131 

urerythrine  in,  321 

uroglaudne  in,  327 

uroxanthine  in,  327 

urrhodine  in,  326 
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bases,  393 
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Urostealith,  414 
Uroxanthine,  4,  326 
Urrhodine,  5,  326 
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Water  of  urine,  30 
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properties,  288 
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lueful  Memoranda  and  Tahl(»,     Fourth  Edition.     24iDo.  cloth,  6t. 

THE    POCKET    FORMULARy"'  AND    SYNOPSIS    OF   THE 
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Sixth  Edition,  i 
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A    PRACTICAL    TREATISE    ON    INFLAMMATION    AND 

OTHKR   DISEASES   OF   THE    UTERUS.     Third  Edition,  reviBed,  with  Addition!. 
Kid.  cloth,  I2,.6d. 

A    REVIEW    OF   THE    PRESENT    STATE   OF   UTERINE 

PATHOLOGY.     Bto.  clolh.  4». 


DR.    BILLINQ.    F.R.S. 


f    ON  DISEASES  OF  THE  LUNGS  AND  HEART.    8vo.  cioib,  6*.    f 
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^  Improved.     8vo.]0..6d. 
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ON  ANETJEISM,  AND  ITS  TREATMENT  BY  COMPRESSION. 

12mo.  cloth,  Am, 

MR.    HENRY    HEATHER    BIOQ. 

THE  MECHANICAL  APPLIANCES  NECESSARY  FOR  THE 

TREATMENT  OF  DEFORMITIES.    Pott  8to.  cloth,  U, 

ARTIFICUL  LIMBS ;  THEIR^CONSTRUCnON  AND  APPLI- 

CATION.    With  Engrayingi  on  Wood.    8to.  doth,  3§, 

MR.    P.    HINCKE8    BIRO,    P.R.OJ8. 

PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN 

AND  INFANTS  AT  THE  BREAST.    Tnuulated  from  the  Fnnch  of  M.  Bouchut, 
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X  URINARY  DEPOSITS;   THEIR  DIAGNOSIS,   PATHOLOGY,   jf 

J  AND   THERAPEUTICAL   INDICATIONS.     With  Engravings  on  Wood.     Fifth      J 

Edition.     Post  8vo.  cloth,  iOs.  6d. 
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ELEMENTS  OF  NATURAL  PHILOSOPHY ;  being  an  Experimental 
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Bboouc,  M.B.  Cantab.,  F.R.S.    Fcap.  8vo.  cloth,  12«.  6d, 

MR.    JAMES     BIRO. 

VEGETABLE  CHARCOAL:  its  medicinal  and  economic  pro- 

PKRTIES;  with  Practical  Remarks  on  its  Use  in  Chronic  Affections  of  the  Stomach 
and  Bowels.     Second  Edition,  8vo.  cloth,  3«.  6d. 

MR.    BISHOP,    F.R.S. 

ON  DEFORMITIES  OF  THE  HUMAN  BODY,  their  Pathology 

and  Treatment.     With  Engravings  on  Wood.     8vo.  cloth,  10». 

ON  ARTICULATE  SOUNDS,  AND  ON  THE  CAUSES  AND 

CURK  OF  IMPEDIMENTS  OF  SPEECH.     8vo.  cloth,  4*. 
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LETTSOMLVN    LECTURES   ON    THE    PHYSICAL   CONSTI- 

TUTION,  DISEASES  AND  FRACTURES  OF  BONES.     Post  8vo.,  2«.  6c/. 

DR.    BLAKISTON,    F.R.S. 

PRACTICAL  OBSERVATIONS  ON  CERTAIN  DISEASES  OF    i 
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MR.    JOHN     E.    BOWMAN. 

PRACTICAL  CHEMISTRY,  includiitg  Analysis.     With 

trationi  on  Wood.     Tliml  Edition.     Foolscap  Uto.  cludi.  6..  Gd. 

MEDICAL  CUEMISTRY;  with  lUnBtraaoM  on  Wood.     Third  Edition. 

Fcap.  Btd.  dntb,  Gi.  6d, 
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TEE   STMPTCtMS.    PATHOLOGY.    AND    TREATMENT    OF 
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ON   DISEASES  OF  THE    CHEST   AND  AIR  PASSAGES; 
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GICAL  TREATMENT.     With  PUl«i,  Bvd.  cloth,  lOi.  6d. 

'    ON    SCARLATINA :  its  Natare  and  Treatment.     Second  Edition.     Fca^j.     i 
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MR.   BERNARD    E.  BRODHURST. 

ON  LATERAL  CURVATURE  OF  THE  SPINE:  ita  Pathology  aud 

TrealmeDt.     Post  8vo.  cloth,  with  Plains,  3: 

ON  THE  NATURE  AND  TREATMENT  OF  CLUBFOOT  AND 
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With  Engtavbgi  od  \^'<xid.     8io.  doth.  U.  6d. 

OR.  ^OHN   CHARLES   BUCKNILL.  &  DR.   DANIEL   H.  TUKE. 

A   MANUAL    OF    PSYCHOIXKJICAL    MEDICINE:    containing 
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DR.    BUDD,    F.R.9. 
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l-INGLAND  AND  FRANCE  BEFORE  SEBASTOPOL,  looked  at 
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ON  DIABCTES,  AND  ITS  SUCCESSFUL  TREATMENT.    Fcp. 

Bto.  cloth,  3«. 
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ON  THE   INFLUENCE  OF  EDUCATION   AND   TRAINING 

IN  I'RKVBNTINO  DISE.\SE$  OF  THE  NERVOUS  SYSTEM.    Feap.  Bto.,  6j. 
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OR.    CARPENTER,    F.R.8. 
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PRINCIPLES  OF   HUMAN   PHYSIOLOGY.     With  namerous  nias- 

tmtion«  on  Sleifl  and  Wood.     Fifth  Edition.     8to.  cloth,  26*. 

PRINClPLi:S  OF  COMPARATIVE    PHYSIOLOGY,    ninstnitcd 
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DR.    CONOLLV. 
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COMPREHENSIVE  SVPPLEJIENT   TO  THE   PIlAKMACOPttlAS. 
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the  molt  inli^cfBUng  IniproTeni«it».  from  the  Earliest  Timei  down  la  the  Prtienl  Period. 
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DR.    OOTTLE. 

A  MANUAL  OF  HUMAN  PHYSIOLOGY  FOR  STUDFJJTS; 

being  a  Condensation  of  the  Subject,  a  Conservation  of  the  Matter,  and  a  Record  of 
Facu  and  Principles  up  to  the  present  Day.     Fcap.  8vo.,  bt. 
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ON  DISEASES  OF  THE  BLADDER  AND  PROSTATE  GLAND. 
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ON    LITHOTRITY  AND    LITHOTOMY;   with  Engravings  on  Wood. 

Bvo.  doth,  8«. 
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OBSERVATIONS  ON  DISEASES  OF  THE  RECTUM.    Second 

£dition.     8vo.  cloth,  5$. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  TESTIS, 

SPERMATIC  CORD,  AND  SCROTUM.     Second  Edition,  with  Additions.     8vo. 
cloth,  \As. 
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MR.    JOHN     OALRYMPLE,    F.R.S.,    F.R.C.S. 

PATHOLOGY  OF  THE  HUMAN  EYE.     Complete  in  Nine  Fasciculi: 

imperial  4to.,  '20«.  each;  half-bound  moroccJo,  gilt  tops,  9/.  15*. 
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THE  GANGLIONIC  NERVOUS  SYSTEM :   its  Structme,  Functions, 

and  Diseases.     8vo.  cloth,  9s, 

ON   THE  NATURE  AND    PROXIMATE    CAUSE    OF    IN- 
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DR.   HERBERT    DAVIES. 

ON  THE  PITYSICAL  DIAGNOSIS  OF   DISEASES  OF  TIIE 
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A  GUIDE  TO  THE  PRACTICAL  STUDY  OF  DISEASES  OF 
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NEURALGIA:    ita    varloas    Forms,    Pathology,    and    Treatment.      The 
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Wood,     Sevemh  EdilJon.     Foolsonp  Bto.  doth   ISi-Bd. 
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SYPHILITIC    DISEASES;    THEIB  pathology,  diagnosis, 
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THE   STOMACH  AND   ITS   DIFFICULTIES.     Fourth  Edition. 
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PRACTICAL    REMARKS    ON    SOME    EXHAUSTING    DIS- 

EASES.     Second  Edition.     Pott  Bvo.  ctoth,  la.  6d. 
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ON    SCROFULA    ANT)    CONSUMPTION.     Clergyman's  Sore  Throat, 

Calorrb,  Croup,  Uronchitis,  Aithmo.     Fcsp,  Sto,,  2i.  6d. 


MR.   FEROUSSON.   F.B.8. 

A  SYSTEM  OF  PRACTICAL   SURGERY;  with  numerous  iiius- 

tiHtioni  on  Wood.     Founh  Edition.     Fcop.  Bvo.  cioih.  12i  lid. 


SIR   JOHN    FORBES.   MI.9.,   D.C.L.   (OXON.).   F.R.8, 

NATURE  AND  ART  IN  THE  CURE  OF  DISEASE,   second 

Edition.    Po.l  r 


^j^<fH^'*t- 


12  MR.  CHURCHILL  S  PUBLICATIONS. 


OR.    O.    J.    T.    FRANCIS. 

CHANGE  OF  CLIMATE ;  considered  as  a  Remedy  in  Dyspeptic,  Pul- 

monary,  and  other  Chronic  Affections;  with  an  Account  of  the  most  Eligible  Places  of 
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Post  8yo.  doth,  Ss,  6d, 
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O.    REMIQIU8    FRE8ENIUS. 

ELEMENTARY  INSTRUCTION   IN  CHEMICAL  ANALYSIS, 

AS  PRACTISED  IN  THE  LABORATORY  OF  GIESSEN.     Edited  by  Lix)Yd 
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Qualitativk;  Fourth  Edition.     8vo.  cloth,  .9s. 
Quantitative.     Second  Edition.     8vo.  cloth,  15s. 
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DR.    FULLER. 

ON  RnEUMATISM,  RIIEUMATIC  GOUT,  AND  SCIATICA: 

their  Pathologj',  Symptoms,  and  Treatment.    Second  Edition.    8vo.  cloth,  12*.  6d. 


^p^^^^^^V^^^^A^V^^^^^^^A 


DR.    GAIRDNER. 

ON   GOUT ;   its  History,  its  Causes,  and  its  Cure.      Third  Edition.     Post 

8vo.  cloth,  8.V.  6d. 


MR.    FO\A/NES,    PH.D.,    F.R.8. 
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A  MANUAL  OF  CHEMISTRY;  with  numerous  niustrations  on  Wood. 

Sixth  Edition.     Fcap.  8yo.  cloth,  12$.  Sd. 
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CHEMISTRY,    AS   EXEMPLIFYING   THE   WISDOM   AND   f 
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MR.    ROBERT    OARNER,    FJ-S. 
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THE  WATER  CURE  IN  CHRONIC  DISEASE :  nn  Exposition  of 

Ihe  Caniea,  Pm|)rcH,iuid  Terminitinni  of  varioui  Chronic  DiMBK^tDfthe  ViKeni,NerTout 
Sjalem.  and  Limbh  uid  of  their  Trontmcnt  hj  Wnler  and  other  HjgiDnii:  Menni. 
Fifth  Edition.     Foolscnp  Bvo.  lewed,  2..  flrf, 

THE   SIMPLE  TREATMENT  OF   DISEASE;  .kduccd  from  the 

Mtlhods  of  Eipect-incy  and  Bevnision.     IBmo.  cloth.  4t. 


HOOPER'S  PHYSICIAN'S  VADE-MECUM;  OR.  MANUAL  OF 

THE  PRINCIPLES  AND  PRACTICE  OF  PHYSIC.    New  FJition,  coD.idemHy 
enUiged,  and  rawritleti.     Foolicap  Bid.  cloth,  ISi.  6d. 


GUY'S    HOSPITAL    REPORTS.     Tbml  Series.     Vols.  I.  to  in..  8vo., 
7<.  6d.  each. 

OR.    HABERSHON. 

OBSERTATinSS    ON    DISEASES   (IF   IHE   ALISrENTARY 

CANAL,   (ESOPHAOOS,  STOMACH,  C«CDM,  and  INTESTINES.    Bvo. 
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MR.  CHURCHILL  S  PUBLICATIONS. 


DR.    MARSHALL    HALL,    F.R.8. 

PRONE  AND   POSTURAL  RESPIRATION   IN  DROWNING 

AND    OTHER    FORMS    OF    APN(EA    OR    SUSPENDED   RESPIRATION. 
Post  8Ta  cloth.  5t. 

PRACTICAL  OBSERVATIONS  AND  SUGGESTIONS  IN  MEDI- 

CINE.    Pott  8to.  cloth,  8«.  6</. 

DITTO.    SbtttnOi  i6er(rf .    Post  8vo.  doth,  8*.  ed. 
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OR.    O.    RAOCLYFFE    HALL. 

TORQUAY  IN  ITS  MEDICAL  ASPECT  AS  A  RESORT  FOR 

PULMONARY  INVALIDS.     Post  8vo.  doth,  5#. 


MR.    HARO>A^lCH. 

A    MANUAL    OF    PHOTOGRAPHIC    CHEMISTRY.   Fourth 

Edition.     Foolscap  8yo.  cloth,  61.  6d, 


«MMMtfMiMM«*«MWIMMiMWI* 


MR.   HARE,    M.R.C.8. 

PRACTICAL  OBSERVATIONS  ON  THE  PREVENTION, 

CAUSES,  AND   TREATMENT   OF   CURVATURES  OF   THE  SPINE  ;   with 
EngraviDgs.     Third  Edition.    8to.  cloth,  6<. 
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MR.    JAMES     B.    HARRISON.    F.R.C.S. 

ON  THE  CONTAMINATION  OF  WATER  BY  THE  POISON 

OF  LEAD,  and  iu  Effects  on  the  Human  Body.     Foolscap  8yo.  cloth,  Zs.  Sd, 


DR.    HART\A/IQ. 

L 

ON  SEA  BATHING  AND  SEA  AIR.  Fcap.  8vo.,  2s.  ed. 

ON  THE    PHYSICAL  EDUCATION  OF  CHILDREN.     Fcap. 

8to.,  2«.  6d, 
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DR.    A.    H.    HASSALL. 

THE  MICROSCOPIC  ANATOMY   OF   THE   HUMAN  BODY. 

IN    HEALTH    AND    DISEASE.       Illustrated  with  Several   Hundred  Drawings  in 
Colour.     Two  vols.  8vo.  doth,  £1.  10*. 
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MR.    HARRISON,  F.R.O.8. 

THE  PATHOLOGY  AND  TREATMENT  OF  STRICTURE  OF 

THE  URETHRA.    8to.  cloth,  S«.  ♦ 


MR.   ALFRED    HAVILAND,   M.R  O.S. 

CLIMATE,  WEATHER,  AND   DISEASE ;  being  a  Sketch  of  the  f 

Opinions  of  the  most  celebrated  Ancient  and  Modern  Writers  with  regard  to  the  Influence  i 

of  Climate  and  Weather  in  producing  Disease.     With  Four  coloured  Engravings.     8vo.  V 

cloth,  7*.  SI 
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MR.   WILLIAM     HAVCOCK,    M.R.O.V.S. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 

VETEKINARY   MEDICINE   AND  SURGERY.    Bm.  b»ard«,  G..  C/. 


ON    THE    ACTION   Of"' MEDICINES'  IN    THE    SYSTEM. 

Being  the  Priie  Eiany  In  which  the  Medicnl  Societj  of  tondon  aivardcd  the  Fnlhor- 
gilllaa  Gold  Medal  for  IRSS.     Second  Kdltlon.     81-0.  clolh,  I0>. 

MR.    HIOaiNBOTTOM,    F.R.9.,    FR-CS. 

AN  ESSAY  ON  THE  USE  OF  THE  NITRATE  OF  SILVER 

IN   THE  Cl'RE  OF   INFLAMMATION,  WOUNDS,  AND  ULCERS.   Secood 
Edilian.     Price  &,. 

ADDITIONAL  OBSERVATIONS '  ON  THE  NITRATE  OF  SII;- 

VER;  with  full  Direcdoni  for  it*  L'k  as  a  Therapeutic  Agent.     S-e.,  It.  6d. 
MR.    JOHN    HILTON.    F.R.8. 

ON  THE  DEVELOPMENT  AND  DESIGN  OF  CERTAIN  POR- 
TIONS OF  THE  CRANIL'M.  llla.tniled  with  Plate*  in  Lithography.  Bvo.  dolh,  6t 


THE  HARMONIES  OF  PHYSICAL  SCIENCE  IN  RELATION 

TO  THE  HIGHER  SENTIMENTS;  with  OhKrystii.n.  on  MeJical  Sludie*.  and  on 
the  Moml  uid  ScicDtific  Kclmioti*  of  Medjcat  Life.     Poat  Svo.,  doth,  hn. 


DR.    DEOIMtJS     I 

THE  PROSTATE    GLAND,    AND    ITS   ENLARGEJIENT    IN 

OLD  AGE.     With  12  Pbtct     Ruyal  Btu.,  cloth,  6.. 


value  In  the  Exploration 


MR.    JABEZ    HOOO. 

THE    OPHTHALMOSCOPE  ;    an  Essay  Of  it 

of  Intenial  Eje  Diicases.     Cloth,  a*.  6d. 


MR.    LUTHER    HOLOEN.   FR.C.3. 

HUMAN     OSTEOLOGY;    with  Plates,  showing  the  Attachmeala  of  the 

Muicle*.     Sei-and  Edition.     Uia.  uloth,  I61. 


DR.    Q.    CALVERT    HOLLAND. 

THE  CONSTITUTION  OF  THE  ANIMAL  CRFjVTION,  expressed 

in  Structural  ApjwndagM,  u  Hair,  Honiii,  Tuiki,  olid  FhL     Sto.  clolh.  10>.  6d. 


MR.    O.   HOLTHOUSE. 


,  ON  SQUINTING,  PARALYTIC  AFFECTIONS  OF  THE  EYE, 

t  and  CERTAIN  FORMS  OF  IMPAIRED  VISION.     Faip.  Svo.  cloth,  4>.  fiJ. 

i  LECTURES  ON  STRABISMUS,"ddiTered  at  the  Westminster  HoqtoL 

»  a™,  cloth.  4*. 


MR.  CHURCHILL  8  PUBLICATIONS. 


f  Oft    >A^.    OHARLE8     HOOD.  { 

SUGGESTIONS  FOB  THE  FUTURE  PROVISION  OF  CRIMI-    ' 

NAL  LUNATICS.      Hro.  clnth,  St.  dd. 

MR.    P.    HOOD. 

THE   SUCCF^SFUL   TREATMENT    OF    SCARLET   FEVER; 

aim,    OBSKRVATIONS    ON    THE    PATHOLOGY   AND   TREATMENT    OF 
CROWING   INSPIRATIONS  OF   INFANTS.    Pott  8va  cloth,  6#. 


OR.   HOOPER. 

THE   MEDICAL    DICTIONARY ;    containing  an   Explanation  of  the 

Trnni  niied  in  Medicine  nnd  the  Collateral  Sciences.      Eighth  Edition.      Edited  by 
Ki.Eiv  Grant,  M.D.     8ro.  cloth,  30*. 
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MR.   JOHN    HOR8LEY. 

A  CATECHISM  OF  CHEMICAL  PHILOSOPHY;  being  a  Familiar 

Ex|>otition  of  the  Principles  of  Chemistry  and  Physics.     With  Engravings  on  Wood.       | 
Designed  for  the  Use  of  Schools  and  Private  Teachers.     Poet  8yo.  cloth,  6«.  6<f.  i 

*  DR.    HUFELANO.  t 

i    Till-:    ART    OF     PROLONGING     LIFE     a  New  Edition.     Edited 

H  by  Ehahmuh  Wilson,  F.R.S.     Foolscap  8vo.,  2«.  6rf. 
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?MR.    \N,    OURTI8    HUOMAN,    F.R.O.8. 
ON    niP-JOINT     DISEASE;    with  reference  especially  to  Treatment 

iby  Mechniiical  Means  for  tho  Relief  of  Contraction  and  Deformity  of  the  Affected  Limb.      1 
Hvo.  cloth,  3f.  Tk/.  I 


DR.    HENRY     HUNT. 

ON   IIKARTBURN   AND  INDIGESTION.     8vo.  cloth,  5*. 
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MR.    T.    HUNT. 

DISEASKS    OF    THE     SKIN;    a  Guide  for  their  Treatment  and  rrc- 

V(»ntion.     Sccoiul  F.dilioii.      F«ap.  Hvo.,  '2*.  6f/. 
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OR.    INMAN. 

TIIK  PHENOMENA  OF  SPINAL  IMITATION  AND  OTHER 

FUNCTIONAL    DlSKASKS   OF    THE    NKUVOUS    SYSTKM    EXPLAINED, 
and  a  lliitionnl  Plan  of  TR'atmont  doiluced.     ^Vith  Plates.     «vo.  cloth,  ^s. 


DR.  ARTHUR   JACOB.    F.R.C.S. 

A  TREATISE  ON  THH  INFLAMMATIONS  OF  THE  EYE-BALL. 

Foolscap  8vo.  cloth,  6». 
7  DR.    JAMES     JAQO,    A.B.,  CANTAB.;    M.B..   OXON.  \ 

i  OCULAR  SrKCTRES  AND  STRUCTURES  AS  MUTUAL  EXPO- 

91            NKNTS.     Illustratetl  with  Engravings  on  Wood.     8vo.  cloth,  5*. 
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DR.   HANDPIELO    JONES,   F.R^,   Si    DR.    EDVAfARO    M.    SfEVEKJNQ.  • 

A  MANUAL  OF  PATHOLOGICAL  ANATOMT.    iiiu5ir..ted  with 

numenui  EngTavinga  on  Wood.     Foolioip  Hio.  t\al\i,  i'2>.  6d. 

MR.    WHARTON    JONES,    F.R.3. 

A  MANUAL  OF  THE  PRINCIPLES  AND  PRACTICE  OF 

OPHTHALMIC  MEDICINE  AND  SITROERY;  illmlraW  wiili  Engravings,  pUin 
Hnd  colDured.     Secoad  Edition.     Foolarap  Hto.  cloth,  12;.  Gd. 

THE  WISDOM  AND  BENEFICENCE  OF  THE  ALMIGHTY, 

AS  DISPLAYED  IN  THE  SENSE  OF  VISION;  bfinR  lh«  Artoninn  Pria  Ei«y 
for  IS5I.     Witfa  lUnitniliDaB  on  Ste«l  and  Wood.     FooUcsp  Bto.  cloth,  4(.  6d. 

DEFECTS    OF    SIGHT :    their  Nature,  Causes,  Prevention,  and  General 
IiLinagFmcnL     Pcap.  Hvo.  3i.  Sri. 

A  CATECHISM  OF  THE  MEDICINE  AND  SURGERY  OF 

THE  EYE  AND   EAR.    For  the  CHniml  L'le  of  HoapiuJ  StudpnU,  Fqap.8vo.2..  W. 

A  CATECHISM  OF  THE  PHYSIOLOGY  AND  PHILOSOPHY 

OF  RUDY,  SENSE,  AND  MIND.      For  Vk  m  Schools  and  Collegtt.     Fop.  Bvo., 
2..  fid. 


DR.    BENOE    JONES,   r.R». 

MULDER    ON    WINE     Foolscap  8vo.  doth,  6». 

ON  ANIMAL  CHEMISTRY,  in  its  relation  to  STOMACH  and  ItENAL 

DISEASES.     Bto.  ololh,  6.. 


A  PRACTICAL  TREATISE  ON  URETHRITIS  AND  SYPHI- 

LIS :  including  Ohifrvationa  on  the  Poncr  of  the  M.-n>inioiia  Fluid,  nnit  af  ihr  D»- 
chnrge  from  Lcucon-hffla  and  Sons  to  produce  Urelhrilis;  Hilh  a  nirielj-  nf  Einnii.lps, 
EiperiinenU,Il«m(diM,iindCnrM.     Bio.  doth.  £1.  fli. 


MR.   KNAOOS. 

UNSOUNDNESS  OF  MIND  OnNSIDERED  IN  RELATION  TO 

THE  QUESTION  OF  RESPONSIBILITY  IN  CRIMINAL  CASES.    B.o.doth, 


OR.    LAENNEC. 

A  MANUAI;  OF  AUSCULTATION  AND  PFJiCUSSION.    Trana- 

Ulcd  and  MUei  hj  J.  B.  Shaht*,  M.K.C.S.    3). 


DR.    HUNTER    LANE,    F.L.S. 

A  COMPENDIUM  OF  MATERIA  MEDICA  AND  PHARMACY;  f 

ndspied  lo  the  London  Phurnacopicia,  1il5l,  rmlmdjing  «ll  the  new  Fnncb,  American,  i 

'  Indiao  Mcdicinei.  nnd  alto  comptiBiiig  a  Sunuuuy  of  Pmclical  Tmiculog}'.    Seomd  Jr 

tion.     24mn.  clolh,  St.  6d.  9 
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DR.    LANE,    MJi. 

HYDROPATHY;  OR,  THE  NATURAL  SYSTEM  OF  MEDICAL 

TREATMENT.    An  Explanatory  Essay.     Post  8to.  cloth,  3s.  6<L 
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MR.    LAURENCE,    M.B^    F.R.O.8. 

THE  DIAGNOSIS  OF  SURGICAL  CANCER.     The  Lbton  Priw 

Essay  for  1854.     Second  Edition.     Plates,  Bto.  cloth,  7s.  6d. 

MR.    LA\A/RENCE,    F.R.8. 

A   TREATISE    ON    RUPTURES.      The  Fifth   Edition,   considerably 

enlarged.     8yo.  cloth,  16s. 


OR.    EONA/IN    LEE. 

THE  EFFECT  OF  CLIMATE  ON  TUBERCULOUS  DISEASE, 

with  Notices  of  the  chief  Foreign  Places  of  Winter  Resort     Small  8to.  cloth,  6s. 

THE  WATERING  PLACES   OF   ENGLAND,    CONSIDERED 

with   Reference  to  their  Medical  Topography.     Third   Edition.     Foolscap  8vo.  cloth, 
6*.6d. 

THE  BATHS  OF  GERMANY,  FRANCE,  &  SWITZERLAND. 

Third  Edition.     Post  8yo.  cloth,  8s.  Sd, 

IV. 

THE  BATHS  OF  RHENISH  GERMANY.   Post  8vo.  cloth,  is. 
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MR.    HENRY    LEE,    F.R.C.S. 

PATHOLOGICAL  AND  SURGICAL  OBSERVATIONS ;  inciading 

an  Essay  on  the  Surgical  Treatment  of  Hemorrhoidal  Tumors.     8vo.  cloth,  7*.  6</. 
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DR.   ROBERT    LEE,    F.R.S. 
L 

A    TREATISE   ON   THE    SPECULUM;    with  Three  Hundred  Cases. 

8vo.  cloth,  4«.  6d. 

CLINICAL   REPORTS  OF  OVARIAN  AND  UTERINE  DIS- 

EASES,  with  Coimnentarics,     Foolscap  Bvo.  cloth,  6s.  6d, 

III. 

CLINICAL   ^IIDWIFERY  :   comprising  the  Histories  of  545  Cases  of 

Difficult,  Prctemalural,  and  Complicated  Labour,  with  Commentaries.     Second  Edition. 
1  Foolscap  8vo.  cloth,  5«. 

;    PRACTICAL    OBSERVATIONS    ON     DISEASES    OF    THE 

^  UTERUS.      With  coloured  Pbtes.     Two  Parts.     Imperial  4to.,  7*.  6d.  each  Part.  ^ 

Sf  MR.    LISTON,    F.R.S. 

^    PRACTICAL  SURGERY.     Fourth  Edition.     8vo.  cloth,  22.. 
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MR.    H.    W.    LOBB,    1..3A.,    M.R.C.8.E. 

ON  SOME  OF  THE  MORE  OBSOIIRE  FORMS  OF  NERVOUS 

AFKECriONS,  THEIR  I'ATHOLOCJY  AND  TREATMENT.  Willi  nn 
Inlnductlou  on  tlio  Pbysiulo^  nf  Digrstion  and  Aatlinilniinii.  uid  the  Oancmliun  nnd 
Dislribution  of  Nerve  Force.  Biued  upon  Original  .MirroncopioJ  Obwrvaiions.  With 
Engmvinga.     Qva.  cloih,  lUa.  Sd. 

LONDON    MEDICAL    SOCIETY    OF    OBSERVATION. 

WHAT  TO   OBSERVE  AT  THE  BED-SIDE,  AND  AFTER 

DEATH.     Pobliited  ij  Aalhority.     Secnod  Edition.     Foolscap  8to.  doLh,  ti.  6d. 
M.     LUaOL. 

ON    SCROFULOUS   DISEASES.      T«i«lated  from  the  French,  with 

Additiona  by  W.  H.  RaNKCND,  M.D.,  Phyncian  to  (be  Suffolk  Oeaenl  UoiiiiUiL 
Kvo.  dolh,  IOl  Qd. 

DR.    QEOROE    H.    B.    MACLEOD.    F.R.C.S.   (COIN.) 

NOTES  ON  THE  SURGERY  OF  THE  CRIMEAN  WAR;  with 

REMARKS  on  OUN-.SHOT  WOUNDS.    Bio.  cloth,  10».  6d. 
MR.   JOSEPH    IVTACLISE.    PJl.O.S. 

SURGICAL  ANATOMY,     a  SericB  of  DlBscctions,  inostrating  the  Prin- 
cipal lUgiDtu  of  the  IJuDuui  Body.  ' 
,           The  Second  Edilioa,  complete  in  XIII.  FuciciUi.     Iraperial  folio,  6i.  eaeh;  bonnd  in 
cloth,  £3.  13..;  or  boiui<l  in  nioMcco,  £4.  4>. 

ON  DISIX)CATIONS  AND  FRACTURES.   This  work  wiii  be  um- 

fotm  with  lheAnlhor'»"Surgi<»lAn«tonij;"eBehKn»ciculu>willconlainFour  beautifully 
eiecnted  Lithagnpbic  Dntirin([i,  and  b«  complsled  in  Nino  Numbcn.  Poicicuiui  I., 
imperial  folio,  !:i. 

AN  EXPOSITORY  LEXICON  OF   THE   TERMS,  ANCIENT 

AND  MODKRN,  in  MEDICAL  AND  GENERAL  SCIENCE,  including  a  com- 
pl«U!  MEDICAL  AND  MEDICO-LEGAL  V0CABUL,4RY,  and  preionting  the 
conect  Pronunciation,  DeriTBtiuD,  Definilion,  and  Eiplnnation  of  the  Nanioi,  Analeignm, 
SynoDymu,  and  PhisHa  (in  Engliih,  Latin,  Greek,  French,  and  OennanO  employed  in 
■  with  Medicine.     Parti  I.  lo  VIT.,  price  ,^i.  each. 


DR.   WM.  H.    MADDEN. 

THOUGHTS  ON  PULMONARY  CONSUMPTION; 

diz  OD  the  Climata  of  Torquay.     Poit  Svo.  cloth,  5i. 


DR.    MARCET. 

ON    THE    COMPOSITION   OF    FOOD,    AND    HOW   IT   IS 

ADULTERATED ;  with  Practical  Direction.  f«r  its  Analysij,    Hvo.  eloth.  6..  M. 


THE   UNDERCLIFF,  ISLE  OF  WIGHT:  its  climate,  niatory, 

'  Natural  Piuduclian*.     Put  8vo.  cloth,  lOi.lU. 
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OR.    MARKHAM.  Z 

DISEASES  OF  TEE  HEART :  THEIR  PATHOLOGY,  DIAG- 
NOSIS, AND  TREATMENT.    Post  8to.  cloth,  Si. 

SKODA  ON  AUSCULTATION  AND  PERCUSSION.    Post  8vo. 

cloth,  6«. 
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MR.   J.   RANALD     MARTIN,    W.RJB, 

THE   INFLUENCE   OF   TROPICAL   CLIMATES  ON  EURO- 

PEAN  CONSTITUTIONS.  Originally  by  the  late  Jamm  Johrson,  M.D.,  aiid  now 
entirely  rewritten ;  including  Practical  Observations  on  the  Diseates  of  European  Invalids 
on  their  Return  from  Tropical  Climates.     Seventh  Edition.     8vo.  cloth,  16«. 
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DR.    MASSY. 

ON  THE  EXAMINATION  OF  RECRUITS;  intended  for  the  Use  of 

Young  Medical  Officers  on  Entering  the  Army.    8vo.  cloth,  5$, 


«M«lil*«Ml«Mtf«WMMI«IA«MMM 


SANE;   with  Considerations  on  Public  and  Private  Lunatic  Asylums.     18mo.  cloth, 
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MR.    JOHN    L.    MILTON,    M.R.O.8. 

PRACTICAL    OBSERVATIONS    ON    A    NEW    WAY    OF 

TREATING  GONORRHCEA.    With  some  Remarks  on  the  Cure  of  Inveterate  Cases. 
Bvo.  cloth,  58. 


DR.    MONRO. 
I. 


REMARKS   ON   INSANITY  :  its  Nature  and  Treatment.   8vo.  cloth,  6^. 


II. 


REFORM  IN  PRIVATE  LUNATIC  ASYLUMS.    8vo.  doth,  4.. 


DR.     NOBLE. 

ELEMENTS  OF  PSYCHOLOGICAL  MEDICINE:  AN  INTRO- 

DUCTION  TO  THE  PRACTICAL  STUDY  OF  INSANITY.   Second  Edition.  8vo. 
cloth,  10*. 

THE   HUMAN    MIND    IN   ITS    RELATIONS   WITH   THE 

BRAIN  AND  NKRVOCS  SYSTE.M.     Post  llvo.  dotli,  4,.  «</, 
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^  DR.    MILLINQEN.  ♦ 

ON  THE  TEEATMENT  AND  MANAGEMENT  OF  THE  IN- 
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^  MR.    J.    NOTTINGHAM,   F.R.C.S.  ♦ 

DISEASES     OF     THE     EAR,      illustrated    bv    Clinical    Observations. 
8vo.  cloth,  12*. 


HH.  CHDRCHILL's  PCBLICATIONS.  91     M 
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MR.    NOURSE,    M.R.O.S. 

TABLES    FOB    STUDENTS.     Price  One  Shillmg. 

1.  Diviiion*  nnd  CIbiiiu  of  Ae  Animnl  Kingdom. 

2.  CUmca  and  Urden  of  (be  Venebntts  Sub-kiagdom. 

3.  ClOHei  tif  ills  VegrUble  Kingdom.iu.'carding  tu  the  Nntnisl  and  Artificial  Syittmi 
i.  Table  of  the  EEemcoM,  with  their  Cbeuical  KquivtiluiU  sod  Simboli. 


MR.    NUNNELEV. 

A  TEEATISE  ON  THE  NATURE,  CAUSES,  AND  TREATMENT 

OF  ERYSIPELAS.    Kvo.  cloth,  ll}>.  Sd. 


(©jrfora  eaftiontf.— Edited  by  Dk.  Gbeenhill. 

I.  ADDRJ:SS  to  a  medical  student,    second  Edition,  l8mo.  cloth.  3».fiJ. 
II.   PRAYEHS  FOR  THE   USE  OF  THE  MEDICAL  PBOFESaiON.     Scoond 
EdilioD,  cloth,  I>.  6if. 

III.  LIFE  OF  SIR  JAMES  STONHOUSE,  BART.,  M.D.     Cloth,  UBrf. 

IV.  ANECDOTA  SYDENllAMIANA.     Swrnd  Edition,  IBmo.  3.. 

V.   LIFE  OF  THOMAS  HARRISO.V   BURDBR,  M.D.      IBmo.  cloth,  U 
VL   BURDER-S  LETTERS  FROM  A  SENIOR  TO  A  JUNIOR  PHYSICIAN, 

Oa    PHOKOrnCO  TBB  RKLIOIOUS    WELTiM  0?   H13   PiTlBBTS.      IBmu.  Bewed,  W. 

VII.  LIFE  OF  GEORGE  CHEYNE,  M.D.      Umo.  tewed,  2,.  Gd. 
VUI.   HUFELAND  ON  THE   RELATIONS  OF  THE   PHYSICIAN   TO   THE 

BICE,  TO   THB   FCBUO,  iBD  TO   Bli  (MLUtAODH.      IHmo.  MWcd,  !U. 

IX.   OISBOHNE  ON  THE  DUTIES  OP  PHYSICIANS.     IHmo.  M*ed,  U 
X.   LIFE  OF  CHARLES  BRANDON   TRYE.     ISmaKwed,  It 
XL   PERCIVAL'S  MEDICAL  ETHICS.     Third  Ediiion,  lemo.  cloth,  3). 
XIL  CODE  OF  ETHICS  OF  THE  AMERICAN  MEDICAL  ASSOCIATION.  Bd. 
XIIL   WARE  ON  THE  DUTIES  AND  QUALIFICATIONS  OF  PHYSICIANa 
Od. 

XIV.  MAURICE  ON   THE   RESPONSIBILITIES  OF   MEDICAL  STUDENTS. 

yj. 

XV.  FRASER-S  QUERIES  IN   MEDICAL  ETHICS.      9J. 


DR.   OOLINQ. 

A  COUBSE  OF   PRACTICAL  CHEMISTRY,  FOR  THE  USE 

OF   MEDICAL   STUDENTS.    Arranged  wilh  wprcM  reference  to  the  Three  Month*' 
Sununer  Coune.     Poit  Sir,,  cloth,  4>.  6d. 

TRANSACTIONS  OF  THE  ODUNTOLOGICAL  SOCIETY   OF 

LONDON.    With  Plate..     Vol  I.,  Uvo.  cl-lh.  B..  W. 


A   DESCEIPTIVE    CATALOGUE    OF    THE    ANATOMICAL 

MUSEUM  OP  ST.  BARTHOLOMEW'S  HOSPITAL.    Vol.  I.  Morbid  Anatomj. 
8io.  doth,  5». 
DITTO.      VaU  II.      Natural  and  CDngeaitoIly   Malfonncd   Slructurri,  and   LitU  ot  ihr 
ModeU,  CbiU,  Dfawingi,  and  Diagnuna.     .5]. 
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%  MR.    LANQ8TON     PARKER.  £ 

THE  MODEEN   TREATMENT  OF   SYPHILITIC  DISEASES, 

both  Primary  and  Secondary ;  comprising  the  Treatment  of  Constitutional  and  Confirmed 
Syphilis,  by  a  safe  and  successful  Method.    Third  Edition,  8to.  cloth,  10«. 
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MR.    JAMES     PART,    F.R.C.8. 

THE   MEDICAL  AND  SURGICAL   POCKET   CASE   BOOK, 

for  the  Registration  of  important  Cases  in  Private  Practice,  and  to  assist  the  Student  of 
Hospital  Practice.    Second  Edition.    St.  6d. 
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OR.   THOMAS    B.  PEAOOOK.    M.O. 

ON    MALFORMATIONS,  ETC. 'oF  THE   HUMAN    HEART, 

with  Original  Cases.     With  Eight  Plates.   8?o.  doth,  8«. 

ON  THE  INFLUENZA,  OR  EPIDEMIC  CATARRHAL  FEVER 

OF  1847-8.     8to.  doth,  6*.  ed. 

DR.   PEREIRA,    F.R.S. 

SELECTA  E  PR^SCRIPTIS.     Twelfth  Edition.     24mo.  cloth,  5». 
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MR.    PETTIORENA/,    F.R.8. 

ON     SUPERSTITIONS    connected  with  the  History  and    Practice  of 

Medicine  and  Surgery.     8?o.  cloth,  7«. 


DR.    PIOKFORO. 

HYGIENE;  or,  Health  as  Depending  upon  the  Conditions  of  the  Atmo- 
sphere, Food  and  Drinks,  Motion  ^nd  Rest,  Sleep  and  Wakefulness,  Secretions, 
Excretions,  and  Retentions,  Mental  Emotions,  Clothing,  IJathing,  &c.     8vo.  cloth,  Os. 

MR.    PIRRIE,    F.R.S.E. 

THE  PRINCIPLES  AND  PRACTICE  OF  SURGERY.    With 

numerous  Engravings  on  Wood.     8vo.  cloth,  21*. 
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PHARMACOPEIA  COLLEGII  REGALIS  MEDICORUM   LON- 

DINENSIS.     8vo.  cloth,  9«.;  or  24mo.  5s. 

Imprimatur. 

Hie  liber,  cui  titulus,  Puarmacop(eia  Collkoii  Reoalis  Medicorum  Londinensis. 
Datum  ex  yEdibus  Collegii  in  comitiis  censoriis,  Novembris  Mensis  14'**  1850. 

JouAKKEs  Ayrton  Paris.    PrcBses. 
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f  PROFESSORS     PLATTNER    &    MUSPRATT-  J 

.    THE  USE  OF  THE  BLOWPIPE  IN  THE  EXAMINATION  OF    T 

MINERALS,  ORES,  AND  OTHER  METALLIC  COMBINATIONS.     Illustrated 
by  numerous  Engravings  on  Wood.     Third  Edition.     8vo.  cloth,  10».  6</. 

•<5fi^^«<       _        _ 


^|<a^-*€- — — ~ — — ^^9tg^ 

ME.  Churchill's  publications. 


II 


THE  PEESCHIBEH'S  PHAEMACOPffiU ;  muMiniDg  all  the  M»ll- 

cinis  in  the  London  ^harniBcopiEia,  omngtd  in  Ctaui.'*  according  la  their  Actian,  with 
Iheir  CnmpoiitiDn  ojiil  Dotei.  By  B  Pnuiiting  Phjaiciiuu  FourtL  Edition.  33mo. 
ctoih,  2t.  6d.;  roan  tuck  (for  the  pnckct),  35.  6d. 


DR.   JOHN    ROV>/LISON     PRETTY, 

AIDS    DURING   LABOUR,  ioclading  the  Admiubtration  of  Chloroform, 

the  Mmiagemenl  of  Plaientn  luid  PoB^pllItllIn  HLeinonhngc.     Fcup.  Dro.  cloth,  4«.  6J. 


MR.    LAKE     PRICE. 

mOTOGRAPHIC     MANIPULATION:    Treating  of  Iho  Pn,cti« 

the  Art,  and  Ita  Tariom  sppliBnici  to  Niiture.      With  Fifty  Engraviiig«  on  Wood. 


OBSERTATIONS  UPON   YEILOW  EETEE,  ,.ith  a  Beriow  of 

"A    Report   upon    the    Discniiei  of   the    AJHoin   Coiibt,  b;  Sir  Wh.  Bdurtt    and 
Dr.  BllTiiOM,"  proving  il>  high!;  Contii[pol»  Puweri.     Foat  Bto,  6t. 


DR.    RADCLIFFE. 

EPILEPSY,  AND  OTHEU 'CONVULSIVE  AFFECTIONS;  their 

Pathology  and  Trentraent.     Second  Edition.     Poit  Bto.  cloth,  7>.  &!. 


DR.    F.    H.    RAMSBOTHAM. 

THE  PRINCIPLES  AND  PRilCTICE  OF  OBSTETRIC  MEDI- 

CINE  AND  SlIRUERY.    lUuitniled  with  One  Hundred  and  Twenty  PlalM  on  Steel 
and  Wifod;  forming  one  thick  handsome  volume.     Fonrth  Edition.     8tu.  cloth,  S2f. 


DR.     RAMSaOTHAM. 

PRACTICAL  OBSERVATIONS  ON  MIDWIFERY, 

ofCaieL     Second  Edition.     Ovo.  cloth,  I2i. 


DR.    DU    BOI9     REYMOND. 

ANIMAL    ELECTRICITY;     Edited  by  H.  Behce  Jones,  m. d.,  f.b.s. 

With  Fifty  Engravinga  on  Wood.     FoolKip  llro.  cloth,  tit 


DR.    REVNOLD3. 

THE  DIAGNOSIS  OF  DISEASES  OF  THE  BRAIN,  SPINAL 

CORD,  AND  THEIR  APPENDAGES.     Hvo.  doth,  B.. 


DR.   B.   V^.   RICHARDSON. 

ON  THE  CAUSE  OF  THE  COAGULATION  OF  THE  BLOOD. 

Being  the    Astlki-  Cooi'bb   Pnu»    VjiBax  for    lUoC.       WilL  a   Prociical   Appendix. 
Bki.  doth,  IH.. 

\  THE  HYGIENIC  TREATMENT  OP  PULMONARY  CONSUMP- 

•'  TION.    8vo.  doth,  5..  6J. 
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OR.    W.    H.    ROBERTSON. 

THE   NATURE   AND   TREATMENT   OF   GOUT. 
A  TREATISE  ON  DIET  AND  REGIMEN. 

Fourth  Edition.    2  rob.  post  8to.  cloth,  I'Z*. 
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fLM  B      R  o  B  E  R  nr  O  N 

ON  THE  PHYSIOLOGY  AND  DISEASES  OF  WOMEN,  AND 

ON  PRACTICAL  MIDWIFERY.     8vo.  cloth,  12». 


MR     >A^ILUAM    ROBERTS. 

AN  ESSAY  ON  WASTING  PAI>SY;  being  a  Systematic  Treatise  on 
the  DiseaM  hitherto  deKribed  as  ATROPHIE  MUSCULAIRE  PROGRESSIVE. 
With  Four  PUtes.     Bto.  cloth,  7f.  6d. 


DR.    RO>A^E,     F.S.A. 

ON    SOME   OF   THE    MOEE    IMPOETANT   DISEASES  OF 

WOMEN  and  CHILDREN.    Second  Edition.     Fcap.  Bvo.  cloth.  As,  6d, 

II. 

NERVOUS     DISEASES,     LITER    AND     STOMACH    COM- 

PLAINTS,  LOW  SPIRITS,  INDIGKSTION,  GOUT,  ASTHMA,  AND  DIS- 
OKDEKS  PRODUCED  BY  TROPICAL  CLIMATES.  With  Caaes.  Fifteenth 
Edition.     Fcap.  8vo.  2s.  6d. 

OR     ROYLE     F.R.8. 

A  MANUAL  OF  MATEkIa  MEDICA  AND  TnERArEUTICS. 

With  numerous  Engravings  on  Wood.     Third  Edition.     Fcap.  8vo.  cloth,  \2s.  6<i. 
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MR.    RUMSEY.    F.R.C.8. 

ESSAYS   ON   STATE   MEDICINE    8vo.  ciotb,  lo*.  6J. 
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O  R.      ROTH.  . 

ON   MOVEMENTS.     An  Exposition  of  their  Principles  and  Practice,  for     ( f 

the  Correction  of  the  Tendencies  to  Disease  in  Jn&ncy,  Childhood,  and  Youth,  and  for      ^ 
the  Cure  of  many  Morbid  Affections  in  Adults.     Illustrated  with  numerous  Engravings 
on  Wood.     8to.  doth,  \0s. 
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MR.    SAVORY.  I 

A  COMI>ENDIUM  OF  DOMESTIC  MEDICINE,  AND  COMPA-     I 

NION  TO  TIIK  MKDICINE  CUKST;  comprising  Plain  Directions  for  the  Employ-  I 
iiuMit  of  MedicinoH,  with  their  Propirties  and  Doses,  and  Brief  Dehcriptions  of  the  *t 
SymptomH  and  Treatment  of  Diseases,  and  of  the  Disorders  incidental  to  Infants  and  i 
(Miildren,  with  a  Selection  of  the  most  efficacious  Prescriptions.  Intended  as  a  Source 
of  Kiuy  Uefcrence  for  Clergymen,  and  for  Families  residing  at  a  Distance  from  Profca- 
bional  Assistiuice.     Fifth  Edition.     12mo.  cloth,  5*. 
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Ha.  CHOECHILL  S  PDBLICATIONS. 


OR,    SOHACHT. 

THE  MICROSCOPE,  AND  ITS  APPLICATION  TO  VEGETABLE 

ANATUMY  AND  PHYSIOLOGY.     Kdiied  bj  Fhkdbhtcr  Ccbhbi',  M.A.     Foip. 
Bro,  dolh,  6i. 


DR.    SEMPLE. 

ON    COUGn  :    its  erases,  Varieties,  and  Treatment.     With  some  practical 

Renurki  on  the  Utc  of  ihe  &t«thoscop«  ai  nu  aid  to  DiagniMii.     Foil  8to.  cloth,  ii.  Sd. 


MR.    SHAW,    M.R.C.8. 

THE  MEDICAL  EEMEMBHAKCER ;   Oil,   BOOK   OF  EMEli- 

GENCIES:  in  which  an  conclui;  poiDled  ool  thu  Iinmedlulc  Hemediei  to  be  adopted 
in  the  FirM  MomonU  of  Duigrr  frem  Poimning,  Drowning,  A|«p!eiy,  Bumi,  and  other 
AccidenU;  witk  the  TeiU  for  ihe  Principal  I'oinns,  and  other  uaefiil  lofonnalioD. 
Fonrth  Edition.  Edited,  with  Additioix,  by  Jonathan  IlurcHlNfrON,  M.aC.S.  33ma. 
doth,  St.  Sd. 

DR.    aiBSON,    F.R.3. 

MEDICAL  ANATOMY,     with  coloured  Plates.     Iniiierml  folio.     Fasci- 


DR.    E.    H.    81EVEKINO. 

ON    EPILEPSY    AND    EPILEPTIPOItM    SEIZURES:    thdr 

CiDKi,  Pntbology,  and  TteaUnent.     Pott  Svo.  cloth,  Ti.  GJ. 


MH.   SKEY,    F.R.S. 

; ;    OPERATIVE   SURGERY  :  with  Dloatrations  engraved  on  Wood. 


OR.    SMEU-IE. 

OBSTETRIC    PLATES ;  being  a  Selection  from  the  more  Important  and 

Practical  lIliuUntioriB  containiid  in  [lie  Original  Work.     With  Anatomical  and  Practical 


MR.   HENRY   SMITH.   F.R.C.S. 

ON  STRICTURE  OF  TUE  URETHRA,    svo.  doiii,  7>.  6</. 


DR.   W.    TVUER    SMITH. 

A  MANUAL  OF  OBSTETRICS,  THEORETICAL  AND  PRAC- 
TICAL.    lUmtratcd  with  IBIi  Engmving*.     Fcnp.  Bvo.  ulolh,  12i,  6d. 

THE  PATHOLOGY  AND  TREATMENT  OF  LEUCORRH(EA. 

With  Engtuiringt  on  Wood.     B'o.  dolh,  7i. 

THE  PERIODOSCOPE,  a  new  lustromoat  for  determining  the  Date  of 

Labour,  and  other  Obitetric  Calculationi,  with  an  Eiplanatiiui  of  it«  Ute«,tmd  on  Eiiay 
„  .L-  i.,.:.j.-.  Di. 5^3  attending  Pregnancy  and  Partuntion.    Bto.  eloUi,  it. 
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OR.    SNOW. 

ON   THE    MODE    OF    COMMUNICATION    OF    CHOLERA. 

Second  Edition,  moch  Enlarged,  and  Illiutrated  with  Maps.    8to.  doth,  7«. 
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OR.    STANHOPE    TEMPLEMAN    SPEER. 

PATHOLOGICAL  CHEMISTRY,  IN  ITS  APPLICATION  TO 

THE  PRACTICE  OF  MEDICINE.    Translated  from  the  French  of  MM.  Bkoqubrbl 
and  RoDixB.    8to.  cloth,  12«. 
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OR.      SPURQIN. 

LECTURES  ON  MATERIA  MEDICA,  AND  ITS  RELATIONS 

TO  THE  ANIMAL  ECONOMY.    Delirered  before  the  Royal  CoUege  of  Physidana. 
8to.  cloth,  5s,  6d, 
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MR.    SQUIRE,    F.L.S. 

THE    PHARMACOP(EU,     (LONDON,    EDINBUEGH,    AND 

DUBLIN,)  arranged  in  a  conrenient  Tabular  Form,  both  to  suit  the  Prescriber  for 
comparison,  and  the  Dispenser  for  compounding  the  formulae;  with  Notes,  Tests,  and 
Tables.     8vo.  cloth,  12«. 
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OR.    SNA^AYNE. 

OBSTETRIC  APHORISMS   FOR   THE   USE  OF  STUDENTS 

COMMENCING  MIDWIFERY  PRACTICK     With  Engravings  on  Wood.     Fcap. 
8to.  cloth,  3s.  ed. 
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students'  books  for  examination. 

I. 

A  MEDICAL  MANUAL  FOR  APOTHECARIES'  HALL  AND  OTHER  MEDICAL 

BOARDS.     Eleventh  Edition.    12mo.  cloth,  lOi. 

II. 

A  MANUAL  FOR  THE  COLLEGE  OF  SURGEONS;   intended  for  the  Use 

of  Candidates  for  Examination  and  Practitioners.      Second  Edition.      12mo.  cloth,  10«. 

III. 

GREGORY'S  CONSPECTUS  MEDICINil  THEORETIC  Jl.    The  First  Part,  con- 

taining  the  Original  Text,  with  an  Ordo  Verbonim,  and  Literal  Translation.      12mo. 
cloth,  lOjf. 

IV. 

THE  FIRST  FOUR  BOOKS  OF   CELSUS;    containing  the  Text,  Ordo  Verb- 

omm,  and  Translation.     Second  Edition.     12mo.  cloth,  8*. 

V. 

A  TEXTBOOK  OF  MATERIAIIEDICA  AND  THERAPEUTICS.  12mo. cloth,  7s. 

VI. 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS  PREPARING  FOR  Ex- 
amination AT  THE  PHARMACEUTICAL  SOCIETY.  Second  Edition. 
18mo.  cloth,  3«.  6d. 
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ME.  CHUECHILL  8  PUBLICATIONS. 


MR.    8TOWE.    M.B.C.S. 

A.    TOXICOLOGICAl    CHAET,  exhibiting  at  oae  view  tie  Symptoms, 

TreatmeDl,  and  Miide  of  UetectiDg  Ifae  variaui  Poiwins,  Milium!,  Vegeubfc,  and  Auiiiml. 
Tn  whicb  aie  added,  coaciio  Dircctioiii  for  Ihe  Treslnieal  uf  Suipenili:d  AnimaUoii. 
EloTeath  Editiun.     Oa  Sheet,  2>.;  moimud  oq  RoIIct,  Si. 

MR,   TAMPLIN,   FJU;.a.E. 

LATERAL  CURTATUBE  OF  THE  SPINE:  its  Canscs,  Nature,  and 

TMBlBieDt.     8»0.  cloth,  i: 

OR.    ALFRED    S.    TAYLOR.    F.R.9. 

A  MANUAL  OF  MEDICAL  JURISPRUDENCE.    Siath  Edition. 

Fesp.  Svo.  doth,  l2t.Gd. 

ON    POISONS,    in    relation    to  MEDICAL    JURISPRUDENCE    AND 
MEDICINE.    Folp.  Sto.  cloth,  12>.tHf. 


DR.    THEOPHILU3    THOMpaON,   F.H.3. 

CLINICAL   LECTUEES    ON   PULMONARY   CONSUMPTION. 

With  Plalci.    fivo.  eloib,  7..  «J. 

LETTSOMIAN  LECTDRES  ON  PULMONAET  CONSUMPTION; 

wilL  Ketuaiks  un  Microuapical  Indicalioiu,  and  on  Cocoa<nut  OIL     Puit  Uto,,  2>.  SJ. 


DR.    THOMAS. 

THE  MODERN  PRACTICE  OF  PHYSIC ;  exhibiting  the  symp- 

tomi,  CniiKs,   Alorliid  Apprunmcei.  and  Treatiiipnt  of  the  Uiiouei  c^  ull   Clinuilci, 
Elovtnlh  Edition,     RcviMd  by  Ai.ciBHSo-i  Frjupton,  M.D,    2  volt  Bto,  cloth,  28«, 


HENRY   THOMPSON,   M,B,  LOND..   F.RO.S. 

STRICTUBE    OF    TEE    URETHRA;    its    Pittbology   and   Trcalmont. 

The  Li>t  Jocktoiiian  Trmlite  of  the  Roj-al  CulKyv  of  Surgeaiu.     With  Plalei.     Kto. 


DR.    TILT. 

ON    DISEASES    OF    WOMEN    AND   OTARIAN   INFLAM- 

MATION  IN  RELATION  TO  MORBID  MENSTRUATION,  STERILITY, 
PELVIC  TUMOURS,  AND  AFFECTIONS  OF  THE  WOMB.  Seuind  Edition. 
Svo.  cloth,  9t. 

THE  CHANGE  OF  LIFE  m  HEALTH  AND  DISEASE: 
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MR.  CHURCHILL  S  PUBLICATIONS. 


DR.  ROBERT  B:  TODD.  F.R3. 

I. 

CLINICAL  LECTURES  ON  PARALYSIS,  DISEASES  OF  THE 

BRAIN,  and  other  AFFECTIONS  of  the  NERVOUS  SYSTEM.    Second  Edition. 
Foolflcap  8to.  cloth,  6«. 
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CLINICAL   LECTURES   ON  CERTAIN  DISEASES  OF  THE 

URINARY  ORGANS,  AND  ON  DROPSIES.    Fcap.  8vo.  cloth,  6ii. 
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MR.  JOSEPH  TOYNBEE,  F.R.8. 

A  DESCRIPTIVE  CATALOGUE  OF  PREPARATIONS  ILLUS- 

TRATIVE   OF   THE   DISEASES  OF  THE   EAR,   IN   HIS  MUSEUM.    8to. 
cloth,  5«. 
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MR.    SAMUEL    TUKE. 


..  DR  JACOBI  ON  THE  CONSTRUCTION  AND  MANAGEMENT    t 

7  OF  HOSPITALS  FOR  THE  INSANE.     Translated  torn  the  German.     With  In-     J 

trodnctory  Observations  by  the  Editor.     With  Plates.     8vo.  cloth,  9». 
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DR.    TURNBULL. 

A  PRACTICAL  TREATISE  ON  DISORDERS  OF  THE  STOMACH    . 

with  FERMENTATION;  and  on  the  Causes  and  Treatment  of  Indigestion,  &c     8vo.      J 
cloth,  68, 
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DR.    UNDERWOOD. 


TREATISE  ON  THE  DISEASES  OF  CHILDREN.    Tenth  Edition, 

with  Additions  and  Corrections  by  Hknrv  Daviks,  M.D.     8vo.  cloth,  15*-. 


VESTIGES  OF  THE  NATURAL  HISTORY  OF  CRE.VTION. 

Tenth  Edition.     Illustrated  with  100  Engravings  on  Wood.     8vo.  cloth,  12*.  6d, 


BV    THE   SAME    AUTHOR. 


EXPLANATIONS:  A  SEQUEL  TO     VESTIGES." 

Second  Edition.     Post  8vo.  cloth,  5s. 
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DR.    UNQER. 


BOTANICAL    LETTERS.      Translated   by    Dr.    B.   Paul.      Numerous 

Woodcuts.     Post  8vo.,  5a. 
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MB.  Churchill's  publications. 


*  DR.    VAN    OVEN.  J 
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